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APPENDIX 26-3 
Results of the Surface Radiation Survey 

of WMUs L4, 7,30, 91 and Selected 
Onsite Ditches 



TECHNICAL MEMORANDUM NO. 3 
PGDP PHASE I1 SITE INVESTIGATION 

PREPARED BY: Pat Scofield/ORO 

SUBJECT Results of the Surface Radiation Survey of WMUs 1, 4, 7, 30, 91, 
and Selected Onsite Ditches 

PROJECT OR030888.FR 

INTRODUCTION 

A surface radiation survey was conducted from November 1990 through January 1991 
of WMUs 1, 4, 7, 30, and 91, as well as the ditch south of WMUs 2 and 3 and the ditch 
south of WMUs 7 and 30, as shown in Figure 3-1. The surface radiation survey was 
conducted as part of the Phase I1 Field Reconnaissance Task. 

The purpose of the radiation survey was to identify areas of surface radiological 
contamination and their boundaries and to differentiate between the beta and gamma 
radiation component. 

This TM is divided into two sections. The first section describes the survey 
methodology, such as survey area and coverage, instrumentation and calibration, and 
quality assurance (QA). The second section summarizes the survey results according to 
location. 

SURVEY METHODOLOGY 

SURVEY AREA AND COVERAGE 

The survey was to initially encompass WMUs 4, 7, 30, the ditches bordering the 
scrapyard (WMUs 12, 13, and 15), and the ditch on the southern border of WMUs 2 
and 3. The scope was expanded to include WMU 1, WMU 91, and the extension of 
the ditch survey at WMUs 2 and 3 to the west perimeter fence. The survey was 
expanded to include WMUs 1 and 91 because of the planned activities at those 
locations, such as well installation and soil borings. The ditch south of WMUs 2 and 3 
survey was extended to include the ditch segment south of WMU 91. The survey 
extended to the west perimeter fence so that the entire area was covered. 

The WMUs were measured and flagged prior to the actual walkover survey. The grid 
coordinate system was established by tape measuring from the surveyed horizontal and 
vertical coordinates. The WMUs were pin-flagged in 50-ft x 5-ft grids. This grid 
system is tied to the PGDP coordinate system. The WMU’s boundary, as defined by 
the coordinate system established for the radiation survey and the plant system, is 
shown in Table 3-1. Often, the survey extended beyond the actual WMU borders 
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Table 3-1 
Radiation Survey W M U  Boundary Coordinates and 

Corresponding PGDP Coordinates 
PGDP Phase I1 Site Investigation 

Location Survey Coordinates 

WMU No. 1 

1001.1 
995.5 
695.6 
701.1 

-976.8 
-980.9 

- 1080.9 
- 1076.8 

WMU No. 4 

-7252.8 
-7002.9 
-7009.6 
-7259.5 

-7206.0 
-6755.7 
-6756.7 
-7206.9 

N8+00 
N9+00 
N10+50 
N10+50 
N9+00 
N8+00 

N13+50 
N8+75 
N8+75 
N13+50 

E10+50 
E10+00 
E10+00 
E15+50 
E15+50 
E13+50 

E15+50 
E15+50 

E9+00 
E9+00 

WMU Nos.7 
and 30 

N12+25 
N12+25 

N9+25 
N9+25 

E10+25 
E12+75 
E12+75 
E10+25 

WMU 91 N10+50 
N10+50 
N9+50 
N9+50 

Plant Coordinates 

East I North 

-1916.7 
-1911.2 
-1667.4 
-1660.6 
-1810.6 
-1913.1 

-1148.1 
- 1623.0 
-1618.4 
- 1 143.5 

-7006.3 
-7058.2 
-7059.4 
-6509.4 
-6507.6 
-6706.3 

-5875.1 
-5878.5 
-6528.3 
-6525.0 

DENn77R/002.5 1 
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taking into account natural boundaries or adjacent areas that may be influenced by the 
WMU. 

The survey system established for the ditches was similar to the system used for the 
Phase I walkover survey of the creeks and ditches (see Technical Memorandum No. 17, 
January 4, 1991). The station 0-N coordinate was set at a location such that the survey 
would begin at the easternmost location of WMU 3 and then extend west to the 
perimeter fence as shown in Figure 3-1. The ditches were marked with pin flags in 
50-ft increments along the length of the ditch. The point measurements alternated 
between the ditch banks and ditch center. For example, the first measurement was 
taken on the north bank, the second measurement at the ditch center, the third 
measurement on the south bank, the fourth measurement at the ditch center, and so on 
along the length of the ditch. 

LOW-LEVEL GAMMA RADIATION WALKOVER MEASUREMENTS 

The low-level gamma radiation survey was conducted with an Eberline SPA-3, which 
consists of a Sodium Iodide (NaI) Scintillation Crystal (2 in. x 2 in.) and 
photomultiplier tube. This detector is coupled with a count rate meter, either an ESP-1 
or PRS-1. The SPA-3 detector is primarily used to detect gamma radiation because of 
its high gamma sensitivity [sensitivity of approximately 1,200 cpm per microRoentgens 
per hour (uR/hr) Ra-2261. The ESP-1 and PRS-1 are count rate meters that can be 
used with both the SPA-3 and G.M. detectors. 

The WMUs were scanned with the SPA-3 detectors to determine the location of the 
elevated gamma radiation readings. WMUs 1, 7, and 30 were surveyed by walking with 
the low-level gamma detector held approximately 6 in. above the ground. The ditch 
south of WMUs 7 and 30 was surveyed in the same manner. Areas of elevated count 
rates (approximately 3 times background) were marked with pin flags, and shielded/ 
unshielded G.M. detector measurements were taken. 

At other locations where the background gamma radiation was elevated due to gamma 
radiation emanating from nearby sources, such as the uranium cylinder storage yards, 
point measurements were generally taken at 25-ft intervals with a cone shield. A cone 
shield is a bell-shaped lead shield into which the SPA-3 detector is inserted. Maximum 
shielding (1-1/2 to 2 in. lead) surrounds the NaI detector and the photomultiplier tube 
and then tapers to approximately 1/2-in. lead at the bell lip. The distance between the 
NaI detector and the ground is 20 to 24 inches. The bell dimensions and the detector 
position within the bell allows for approximately 1 m2 of ground surface to be surveyed. 
Cone-shield measurements were taken at WMU 4 and along the ditch south of 
WMUs 2 and 3. 

G.M. DETECTOR MEASUREMENTS 

The point shielded and unshielded G.M. detector measurements were taken at the four 
grid comers and at the center of each grid block throughout each WMU. Additional 
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"biased" point measurements were taken at locations where elevated readings were 
identified during the gamma walkover survey. At WMU 91, only G.M. measurements 
were taken because of the close proximity of the uranium cylinder yard and time 
constraints. 

For the ditch south of WMUs 2 and 3 and the ditch south of WMUs 7 and 30 (and 
railroad tracks), discrete G.M. measurements were taken at 50- and 25-ft intervals, 
respectively, along the ditch, alternating between the banks and the ditch center. 

The measurements were conducted using thin-window (<2  mg/cm2 HP-210 and 
30 mg/cm2 HP-270) G.M. detectors and portable Eberline ESP-1 and PRS-1 count rate 
meters. The HP-210 is primarily designed for contamination surveying, whereas, the 
HP-270 is used to measure exposure rates. The HP-210 is a "pancake type" G.M. 
detector. The HP-210 coupled with either a ESP-1 or PRS-1 count rate meter is used 
to obtain surface measurements of beta and gamma radiation levels. When the window 
is open (unshielded), it is useful for detecting beta particles (to -40 kev), gamma 
radiation and some alpha particles (>3  kev). When measurements are taken with the 
window covered (shielded) with approximately 400 mg/cm2 aluminum foil, the 
contribution of non-penetrating beta and low-energy gamma radiation is blocked. 
Therefore, the unshielded/shielded G.M. measurement is useful for differentiating 
between the beta and gamma radiation. 

INSTRUMENTATION AND CALIBRATION 

Each instrument was calibrated off the site at the Eberline instrument-calibration 
facility in Oak Ridge, Tennessee. Calibration certificates were issued for each 
instrument and probe. Table 3-2 lists the instruments used. Information on instrument 
calibration is in Attachment 3-A. The calibrations are traceable to the National 
Institute of Standards and Testing [NIST, formerly the National Bureau of 
Standards (NBS)]. Conversion of the SPA-3 count rate measurements (counts per 
minute, cpm) to exposure rate in uR/hr was determined by cross-calibration with a 
pressurized ionization chamber (PIC), using a Ra-226 source, and by field 
measurements. The PIC is a sensitive gamma exposure monitoring system designed to 
measure low level exposure rates and can be used to determine if exposure rate 
increases are due to plant operation, natural radiation levels, or a combination of both. 
Field PIC measurements were taken at various offsite locations, and the onsite 
measurements were taken at WMU No. 1 (-N10+50, E12+50). The PIC exposure 
rates and the corresponding SPA-3 count rates are given in Table 3-3. 

Survey instruments were source-checked on the site daily before and after use to verify 
if instrument response was stable. The SPA-3 detector was source-checked with a 
Cs-137 (approximately 8 uCi, 1.78E7 dpm) source. The G.M. detectors were source- 
checked on the site with a Tc-99 (4.64E-3 uCi, 10,300 dpm) source. 
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Detector 

Model Serial No. 

Count Rate Meters 

Model Serial No. i 

3-5 

SPA-3 EAC- 15 ESP- 1 

SPA-3 EAC-40 ESP- 1 

SPA-3 EAC- 140 ASP-1 

2014 

0240 1 

1772 

HP-210 

HP-210 

HP-210 

HP-270 

EAC- 10 1 PRS- 1 592 

EAC- 102 ESP-1 275 

EAC- 105 ESP- 1 923 

cc-81, #1 ESP- 1 0240 1 



Table 3-3 
PIC and SPA-3 FAposure Rate and Count Rate Intercomparison 

PGDP Phase I1 Site Investigation 
~ 

SPA-3 
Location (cpm) 

Background location at 19OOO-S 9,600 
Little Bayou Creek (LBC) 8,950 

Big Bayou Creek at  17250-N 

LBC at: 

7.038 

4550-N 7,575 
81503 12,975 

NorthBouth Ditch at: 
80-N 52.800 
4600-N 8.430 

PIC Conversion 
(uWhr) (cpm/uR-hr) 

8.9 
8.9 1.042 

6.5 1,083 

7.3 1,038 
9.3 1,395 

26.2 2.0 15 
8.1 1.041 

KPDES-OOl/LBC at 12297-N 

KPDES-OOl/West Perimeter Fence 

38,Ooo 17.1 2,222 

2 1.475 11.0 1.952 
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MEASUREMENT OF BACKGROUND RADIATION 

The natural background radiation level for each type of instrument was established 
during the Phase I walkover survey (see Technical Memorandum No. 19). Typical 
background radiation levels as detected by the SPA-3 can vary between 9,000 and 
12,000 cpm. For the G.M. detector, typical background levels would be -40 cpm 
(unshielded) and -38 cpm (shielded). However, gamma background count rates can 
increase if there are nearby sources, such as the uranium cylinder storage yards. 
During the current study, background radiation levels were determined in the Eberline 
Field Support Trailer and in the field. Background levels specific to survey locations 
are delineated in the survey results tables (see Attachment 3-B and 3-C). 

QUALITY ASSURANCE 

The survey instruments were source-checked daily both prior to and after the field 
surveys. In addition, approximately 10 percent of the G.M. measurements taken at 
WMUs 4, 7, 30, and 91 were duplicated and reported, as shown in Attachment 3-C. 

SUMMARY OF FINDINGS 

The results of this study are described according to area surveyed. Locations of the 
WMUs 1, 4, 7, 30, 91, and ditches are shown in Figure 3-1. The results from the 
gamma walkover survey and the G.M. measurements are outlined in Attachments 3-B 
and 3-C, respectively. Tables of the gamma walkover survey and G.M. measurement 
coordinates with the corresponding PGDP coordinates are given in Attachment 3-D. 
The first subsection outlines results for the WMU surveys, and the second subsection 
describes the ditch surveys. 

Two criteria were used to identify surface contamination. The baseline criterion used 
to indicate contamination was three times background. This criterion takes into 
account background variation and still indicates that surface contamination is present. 
The second criterion was used to identify a "significantly elevated reading," which is 
usually associated with localized contamination. For both the gamma (SPA-3) and 
G.M. measurements, "significantly elevated'' readings were defined as approximately 
10 times background. 

WMU NO. 1 

WMU No. 1 is the C-747-C oil land farm and is located in the extreme west central 
area of the plant site. The oil landfarm consisted of two plots of approximately 
1,125 ft2 each. The landfarm was used from 1975 to 1979 for the biodegradation of 
waste oils that were possibly contaminated with trichloroethylene/ 
trichloroethane (TCEA), uranium, and PCBs. 
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The results of the gamma and beta/gamma walkover survey are shown in Figure 3-2. 
The gamma survey revealed 36 "significantly elevated readings" ranging from lOOk cpm 
to 4 million cpm (k stands for 1,000 cpm). The locations of these readings and the 
corresponding G.M. measurements are outlined in Table 3-4. 

The majority of the significantly elevated areas were in or near the north perimeter 
ditch, which separates WMU No. 1 from the uranium cylinder storage yard. Other 
significantly elevated areas were identified at the bottom of the ditch west of WMU 1. 

Systematic beta/gamma measurements were taken at the grid comers and center, as 
shown in Figure 3-2. Biased measurements were taken at the 36 locations. At a 
number of locations the unshielded and shielded measurements were comparable; the 
shielded measurements were lower than the unshielded, but not to background. The 
SPA-3 measurements and the G.M. measurements at these locations indicate that 
gamma emitters are the primary contaminant. 

An area of approximately 4 ft2 with significantly elevated radiation levels was found 
southwest of the N10+50, E12+50 grid stake. The gamma measurements were 
> 3  million cprn on contact with the ground surface, and the HP-270 indicated an 
exposure rate of 3 to 5 mR/hr. The ditch south of this area (-N10+00, E12+50) also 
exhibited elevated readings (see Attachment 3-B). An area east-northeast of 
WMU No. 1 also exhibited significantly elevated readings; this area is south of a row of 
cylinders located at the east side of the cylinder yard. 

WMU NO. 4 

WMU No. 4 contains the C-747 Contaminated Burial Yard. It is located in the western 
area of the plant immediately south of Virginia Avenue (between 4th and 6th Streets). 
The burial yard consists of two pits covering an area of approximately 8,300 ft2. Solid 
wastes disposed at C-747 are contaminated with natural or slightly depleted uranium 
from the UF, Feed Plant (C-410). The C-747 Contaminated Burial Yard may also 
have been a source of Technetium-99 (Tc-99) from disposed uranium contaminated 
with Tc-99. 

Systematic cone-shielded gamma measurements were taken at 25-ft increments 
throughout WMU 4, as shown in Figure 3-3. The cone-shield was used because of the 
proximity of uranium cylinder yards located north and west of WMU 4. Biased 
readings were obtained where localized elevated readings were observed and along the 
center of the west perimeter and north perimeter ditches. The east perimeter ditch 
was located on an even 25-ft grid line; therefore, biased measurements were not 
necessary. Elevated readings were detected in all three perimeter ditches, but did not 
exceed the 3 times background criterion. Localized contamination was detected within 
WMU No. 4, particularly along the southern edge of WMU 4, approximately N9+50, 
E9+75 to E12+00 (-13.2k to 31.2k cpm). 
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Table 3-4 
Summary of Significantly Elevated SPA-3 and 

G.M. Reading IMcations 
WMU 1 

PGDP Phase I1 Site Investigation 

16211 14 N9+64, 203k 9271296 
E+ 13+ 14 +++- 13311 02 792n 15 

171193 N10+25, E15+03 26511 I O  

Gamma 
Beta/Gamma 

(Unshield/S hield) 
(CPm) 

5071359 11 N10+30, E10+03 I 200k 

Beta/Gamma 
Gamma (Unshield/Shield) 

Incation (CPm) (CPW 

N10+50, E12+25 400k 825/706 

N10+30, El  1+60 

~~ 

4 17/294 

2281198 

~~ ~~ - ~ 

N9+79. E12+47 230k 39891393 

N10+36, E12+45 350k 65914 I 7 

11 N10+35, E11+98 I 150k 

~ 

4831367 

124011023 

~ ~ ~~ ~ 

N10+34, E12+47 450k 9831539 

N10+34. E12+50 400k 5791412 
~~ 

1 184/952 

1 Imp52 

~ ~~ ~~ ~ 

N10+48, E12+47 4 mill+ 11712/7535 

N9+56. E12+70 102k 39511 23 

5661595 

50 11342 

N10+36, E12f65 270k 3661332 

N10+42. E12+65 178k 340/225 

198189 

19611 10 

N10+48, E12+69 340k 32711 98 

N9+64. E13+09 124k 4331155 N10+35, E11+70 

N10+35, E11+75 

N10+35, El  1 +77 

N10+35, El 1+90 

' 1651120 I N10+45. E9+85 I 790k I 7941647 

lOOk 

lOOk 

IOOk 

100k 

~ 

22611 17 

1042/748 

N10+33, E9+% 220k 2351161 

N10+51, E12+68 650k 10061884 

Note: See Attachment 3-C for intercompariwn reading\. 

Ditch Locations: 

North Ditch -N10+00, N10+50. 
West Ditch -E10+00, E10+50. 
Southwest of  -10+50, E12+50, an  arca o f  --I fi cxhihitcd \igniCicantly elevated readings; the gamma 
measurement > 3  million cpm. and thc HP-270 bctncen 3-5 mR/hr. 

- 

N10+36, E12+25 

DEN/l77R/019.5 1 
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G.M. (shielded/unshielded) measurements were taken on all the 50-ft grid intersections 
and at the center of each grid, as shown in Figure 3-3. Locations of elevated readings 
are shown in Table 3-5. 

The grid line south of Virginia Avenue (N13+50) showed several >lo0 cprn unshielded 
readings. In most cases, when the elevated unshielded readings were observed, the 
shielded readings were at or near background levels. This phenomena would indicate 
that the primary contaminants were beta emitters, such as Tc-99. 

The G.M. measurements detected elevated count rates throughout the center of the 
west perimeter ditch (-N9+37), north perimeter ditch (-N13+40), and in localized 
areas in the east perimeter ditch (-E15+25). At one location (N8+92, E9+60), the 
observed elevated reading, 868 cpm (unshielded) and 720 cpm (shielded), indicated that 
gamma emitting radionuclides were present. 

WMU NOS. 7 AND 30 

WMUs No. 7 and 30 consist of the C-747-A Burial Ground and C-747 Bum Area, 
respectively. They are located in the extreme northwest comer of the PGDP. The 
C-747-A Burial Ground (WMU 7) was used for the disposal of uranium-contaminated 
material, including material from the C-410 Feed Plant. It is suspected to be a source 
of Tc-99 contamination. The C-747 Bum Area was used from 1951 to 1970 for burning 
combustible material. 

Figure 3-4 illustrates the coordinate system that incorporated both WMUs 7 and 30 and 
the extent of contamination observed during the walkover survey. The crushed drum 
mound located in the southeast comer of WMU 7, limited the extent of the survey. A 
near surface gamma survey was performed over accessible areas of WMUs 7 and 30. 

Gamma readings ranged from background to >1.5 million cpm. Greater than 3 times 
background readings were observed in approximately 60 percent of the grid blocks 
surveyed, as shown in Figure 3-4. At least 85 significantly elevated readings were 
observed during the gamma walkover survey. Yellow and green stones, possibly 
uranium oxides, were visible on the surface in several areas, as indicated in 
Attachments 3-B and 3-C. 

G.M. (shieldedhnshielded) measurements were also taken at all accessible nodes and 
grid centers, as shown in Figure 3-4. Biased measurements were also obtained at the 
85 significantly elevated reading locations. Readings ranged from background to 
> 2  million+ cpm (unshielded) and 27k cpm (shielded). These locations and the 
corresponding gamma and beta/gamma readings are shown in Table 3-6. Based on the 
results, both beta and gamma emitters are present. In most cases, the shielded G.M 
detector reduces the count rate, but not to background levels. 

Elevated and significantly elevated G.M. measurements also were observed throughout 
the length of the swale immediately south of WMU Nos. 7 and 30, as shown in 
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Table 3-5 
Summary of Elevated CAI. Measurement Locations 

m u  4 
PGDP Phase I1 Site Investigation 

~ 

N13+50, E13+00 101 

N13+50, E13+50 112 

Location 

44 

43 

N8+92, E9+60 

~ ~~ ~ 

N13+50. E14+00 137 

N13+50, El4+50 117 

N13+50, E15+00 111 

N10+25, E15+25 109 

N10+25, E9+25 

N10+75, E9+25 

55 

48 

40 

43 

N11+75, E9+25 

N12+25, E9+25 

N12+75, E9+25 

N13+25, E9+25 

N10+75, E15+25 99 

NI 1+75. E15+25 113 

~~ 

N9+50, E10+00 

N9+50, E11+00 

52 

53 

N13+50, E l l  +50 

N13+50, E+12+00 

N12+25. E15+25 

Unshielded 
( C P )  

868 

140 42 

124 

103 

226 

Shielded 
( C P )  

720 

52 

53 

62 * 
158 

Unshielded Shielded 
Location 

N13+50, E12+50 

Ditch Locations: 

North Ditch -N13+40 
East Ditch -E15+25 
West Ditch -E9+37 
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Table 3-6 
WMU Nos. 7 and 30--Elevated Measurements 

PGDP Phase I1 Site Investigation 
(page 1 of2) 

Location 

N-10+53, E- 10+ 78 
N-9+94, E-10+92 
N-9+72, E-11+12 
N-10+09, E-11+97 
N-10+06, E-12+05 
N-11+04, E-12+18 
N-9+98. E-12+78 
N-9+70, E-13+08 
N-12+04, E-13+25 
N-9+87, E-13+85 
N-10+ 34. E- 13 + 85 
N-9+80, E-14+05 
N-10+40, E-14+40 
N-11+38, E-14+42 
N-11+75, E-14+50 
N-9+91, E-14+52 
N-10+57, E-14+50 
N-10+99, E-14+69 
N-11+48, E-14+85 
N- 12+ 01, E- 14 + 74 
N-10+19, E-14+95 
N-11+75, E-15+01 
N-9+90, E-15+35 
N-10+50, E-15+30 
N-10+58, E-15+25 
N-11+37, E-15+19 
N-12+04, E-15+ 10 
N-10+76. E-15+85 
N- 10+59, E- 15 +65 
N-9+75. E-15+99 
N-11+47. E-15+90 
N- 1 1 +62, E- 15 +92 
N-9+85, E-16+48 
N-10+37, E-16+44 
N-10+68, E-16+49 
N-11+75, E-16+42 
N-10+47, E-16+60 
N-10+98, E-16+68 
N-9+75, E-16+73 
N-11+30, E-16+70 
N-11+65, E-16+76 
N-12+01, E-16+75 
N-10+18, E-17+18 
N-10+62, E-17+08 
N-11+47, E-17+02 
N-9+85, E-17+35 

. -  

Gamma 
(cpm) 

1M 
120K 
70K 
124K 
177K 
38K 

60K 
140K 
360K 
45K 
575K 
200K 
40K 
93K 
120K 
31K 
78K 

430K 
110K 
250K 
240K 
400K 
lM+ 
970K 
500K 
90K 
375K 
290K 
950K 
200K 
170K 
650K 
360K 
220K 
IWK 
330K 
570K 
3 1 OK 
220K 
330K 
55K 
330K 
300K 
850K 
900K 

35-37K 

Beta-Gamma 
(Unshielded) 

200,787 
1,074 

65 1 
387 
768 
213 
388 
540 
782 

7,842 
40,163 

142,504 
866 
568 
95 1 
885 
691 
174 

5,351 
3,854 
1,396 
8,602 

92,648 
153,156 
101.636 
16.906 

630 
124.156 
17.852 

139,388 
2,444 

768 
1,649 

146.2 14 
69,194 
3,086 

157.074 
15 1.859 

2.40 1 
3,382 

12.340 
323 
686 

36A3 1 
39,263 

2 18,845 

Beta-Gamma 
(Shielded) 

19,333 
266 
106 
126 
142 
60 
73 
50 

313 
786 

2,318 
13.346 

33 1 
74 

120 
200 
96 
95 

796 
417 
537 
289 

6,427 
15,080 
1 0 3  1 
1,390 

112 
13,865 
1,248 

16,420 
513 
224 

1.306 
14.002 
5,280 

300 
17,393 
16.346 

864 
768 

1,175 
97 

475 
2,878 
2,7 17 

27,142 
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Table 3-6 
WMU Nos. 7 and 30-Elevated Measurements 

PGDP Phase I1 Site Investigation 
(page 2 of 2) 

Location 

N-11+54, E-17+49 
N- 12+38, E- 17 +45 
N-9+77, E-17+51 
N-10+30, E-17+56 
N-11 +W, E-17+56 
N-11+41, E-17+65 
N-11+51, E-17+70 
N-12+00, E-17+99 
N-9+85, E-18+20 
N-10 +49, E- 18 + 35 
N-10+75, E-18+35 
N-11+45, E-18+15 
N-l1+75, E-18+ 15 
N- 12+02, E- 18+ 49 
N-9+75, E-18+63 
N-10+75. E-18+80 
N-1 1 +49, E-18+62 
N-11+98. E-18+80 
N-12+05. E-18+75 
N-10+85, E-19+25 
N-11+15, E-19+25 
N-11+65. E-19+10 
N-12+04, E-19+12 
N-11+48, E-19+85 
N-11+70, E-19+55 
N-l1+20. E-20+25 
N-1 1 +70, E-20+ 15 
N-12+02, E-20+47 
N-1 1 +45, E-20+99 
N-11+92, E-20+52 
N-10+49, E-21+01 
N-10+59, E-21 +OO 
N- 1 2 + 0 1. E-20 + 95 
N-11+30, E-21+51 
N-ll+49, E-21 +48 
N-l1+70, E-21 +45 
N-11+90. E-21+51 
N-12+02. E-21 +53 
N-12+ 15, E-21 +46 

750K 
50K 
1.7M 
140K 
40K 
1.3M 
860K 
80K 
110K 
500K 
350K 
240K 
890K 
810K 
83K 

200K 
1 OOK 
1.1M 
430K 
170K 
45K 
110K 
43K 
35K 
220K 
260K 
125K 
Il5K 
110K 
6OOK 
760K 
530K 
200K 
130K 
167K 
200K 
315K 
4X)K 
120K 

Reta-Gamma 
(Unshielded) 

143,864 
398 

149,058 
93 1 
268 

11 1,381 
105,9 10 

3,922 
39,828 

144,186 
70,729 
6,944 

36.4Cj 
216,138 

3,945 
65,625 
4,194 

2x5 10 
17,836 
11.138 

958 

(235 
258 (271)' 

6,409 

675 
3,325 

635 
3,435 

175,536 
152,046 

8,449 
3,63 1 
5,736 
6,434 
5,412 

37,346 
3,656 

2,463 (2.5G4)" 

4,190 (41 10)" 

Beta-Gamma 
(Shielded) 

10.87 1 
111 

2 1,439 
432 
69 

5,648 
11,653 

367 
5,728 

16,041 
6,160 
1,675 
4.297 

27,993 
326 

3,334 
348 

4.193 
2.8 15 

809 
135 

270 (269)' 
102 

84 (91)' 
414 

200 
268 
200 
c54 

17,98 1 
12,097 

210 
2Cxi 
474 
509 
661 

1.423 
268 

435 (438)" 

aDoes not include the North Pcrimeter Ditch (sec Technical Memorandum 
No. 17) and South swale (see Attachments 3-B and 3-C). 

'Mcasurcmcnts in parenthesis a re  quality control readings. 

Ditch locations -N12+00 (North Pcrimcter Ditch). -N9+67 (South Ditch). 
M = million cpm. 
K = 1,OOO cpm. 
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Table 3-7. These elevated readings were seen on both banks and swale center. At 
certain locations, measurements were unobtainable at the center due to standing water 
(N9+67, E18+75 to E21+25). Beta emitters appear to be the primary contaminant; 
however, gamma emitters were also present. 

WMU NO. 91 

WMU No. 91 is the UF, cylinder drop test area. It is located in the extreme west 
central area of the plant on the southern edge of the C-745-B Cylinder Yard. The 
drop test pad is still intact. The survey extended beyond the boundary of WMU 91 to 
include the monitoring well locations (MW-158, 159, and 160) as shown in Figure 3-5. 
Only G.M. (shielded/unshielded) measurements were taken. Three elevated readings 
were detected at this location, as shown in Table 3-8. 

The shielded readings were near background. This indicates that a beta emitter such as 
Tc-99 may be the primary contaminant. The only exception may be at the N9+50, 
E10+50 location, where some gamma activity was present. 

DITCEIES 

Ditch South of WMUs 2 and 3 

Cone-shielded gamma readings and G.M. (shieldedhnshielded) measurements were 
obtained along the length of the ditch south of WMUs 2 and 3. This survey began at 
the east entrance of C-404 (WMU No. 3) and extended to the west perimeter fence, as 
shown in Figure 3-6. This ditch also passes south of WMU 91. WMU 2 consists of the 
C-749 Uranium Burial Ground, and WMU 3 consists of the C-404 Low-Level 
Radioactive Waste Burial Ground. The majority of waste received in WMU 2 
consisted of pyrophoric forms of uranium metal, uranium oxides, and uranyl fluoride 
solutions. WMU 3 was contaminated with Tc-99 and uranium-contaminated solid 
waste. 

Cone-shield gamma (SPA-3) measurements were taken at 25-ft intervals. Locations of 
elevated gamma readings are given in Table 3-9. Localized areas of contamination 
were observed along the ditch banks, but the center (bottom) of the ditch exhibited 
readings that were consistently elevated. 

The G.M. measurements were obtained at 50-ft intervals, alternating between the banks 
and the center of the ditch. Elevated readings were also obtained and were located 
predominately at the center (bottom) of the ditch, as shown in Table 3-10. 

Based on the measurements, it appears that both beta and gamma emitters are 
present, particularly in the ditch center. The contamination appears to be distributed 
throughout the length of the ditch. 

DENfl77rn1.51 3-14 



Table 3-7 
Elevated G.M. Measurements 

Swale South WMUs 7-30" 
PGDP Phase I1 Site Investigation 

(page 1 of2) 

DENn 77RMlS.S 1 

3-15 



Beta-Gamma 
Unshielded 

Location Side (cpm-gross) 

N9+67, E18+50 North 9 1 O(883) 

N9+67, E20+00 South 430 

N9+67, E20+50 North 538 

N9+67, E21+00 South 345 

N9+67, E21+50 North 3,470 

OROR1/068.51 

Beta-Gamma 
Shielded 

(cpm-gross) 

124 

51 

71 

56 

376 
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Table 3-8 
Elevated G.M. Measurements 

W M U  91 
PGDP Phase 11 Site Investigation 

Location 

N10+50, E8+00 

N9-t-50, E10+50 

N10+50, E10+50 

~~~~ ~ 

BeWGamma Unshielded BeWGamma Shielded 
(CPm) (CPm) 

113 69 

172 84 

106 58 
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Table 3-10 
Elevated G.M. Measurements Along the Ditch 

South of WMUs 2 and 3 
PGDP Phase I1 Site Investigation 

Bet4Gamma BetaKamma Beta/Gamma Beta/Gamma 
Unshielded Shielded Unshielded Shielded 

Location Side Location Side 

50-W Center 186 74 1050-W Center 330 88 

Table 3-10 
Elevated G.M. Measurements Along the Ditch 

South of WMUs 2 and 3 
PGDP Phase I1 Site Investigation 

150-W Center 174 50 1075- W Center 196 94 

200-w North 106 84 1150-W South 326 278 

400-w North 556 106 1200- W Center 234 164 

450-W Center 160 88 1300-W Center 176 60 

550-W Center 216 80 1350-W South 144 64 

650-W Center 562 98 1400-W Center 420 188 

750-W Center 230 88 1500-W Center 554 118 

850-W Center 214 114 1600-W Center 166 104 

950-W Center 320 110 

DEN/l77R/OO6.5 1/3 
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Ditch South of WMUs 7 and 30 

A walkover gamma survey and point beta/gamma measurements were performed along 
the ditch south of WMUs 7 and 30 and south of the railroad tracks, as shown in 
Figure 3-6. The survey of this ditch originally was to extend past the scrapyards 
(WMUs 12, 13, and 15), but a fenced security area prevented the continuation of the 
survey. Therefore, the survey began at the West Patrol Road and ended approximately 
500 ft east, where the ditch enters the fenced security area surrounding the C-747-C 
scrapyard. This survey should not be confused with the survey of the swale on the 
south side of WMUs 7 and 30, which immediately borders these units, as shown in 
Figure 3-4. Results from that ditch survey are previously described in the WMUs 7 
and 30 subsection. 

For the gamma walkover survey, elevated count rates were consistently observed in the 
center of the ditch (25k to 40k cpm) and extended approximately halfway up the north 
bank of the ditch. Elevated G.M. (unshielded/shielded) readings were observed in the 
center of the ditch (N9+15) at six locations, as shown in Table 3-11. 

At the center of the ditch, a beta emitter(s) appears to be the predominate source of 
contamination based on the G.M. measurements. At N9+15, E13+00 and, to a lesser 
degree, N9+15, E14+50, the shielded reading is above background, indicating that a 
gamma emitter(s) is present. Two culverts ran under the railroad tracks at 
approximately E12+00 and E12+50; these may have contributed to the contamination. 
No elevated readings were detected on the south bank or in the depressed area 
immediately west of the Patrol Road. 

CONCLUSIONS 

This Technical Memorandum presents the results of the gamma and the beta/gamma 
radiation surveys of the WMUs 1, 4, 7, 30, and 91, and the ditches south of WMUs 2 
and 3 and WMUs 7 and 30. The purposes of these surveys were for (1) identifying 
areas of contamination and their boundaries, and (2) differentiating between the beta 
and gamma radiation component. The conclusions that can be made on the basis of 
the Phase I1 radiation survey are as follows: 

The radiation survey of WMU No. 1 identified several significantly 
elevated readings. The majority of contamination appeared to be in or 
near the north perimeter ditch and at the bottom of the west ditch. 
Based on this survey, a gamma emitter(s) is likely to be the primary 
contaminant. 

a At WMU No. 4, elevated gamma survey readings were observed 
primarily in the surrounding ditches and along the southern edge of 
WMU No. 4, but did not exceed the 3 times background screening 
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Elevated G.M. M 
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criteria. Only one elevated reading located at N9+50, E9+75 was 
observed that fit the criterion. The G.M point measurements indicated 
beta emitters are the predominate source of contamination, with the 
exception at N8+92, E9+60 where elevated shielded and unshielded 
count rates indicated that a gamma emitter is present. 

e WMUs 7 and 30 was found to have surface contamination in numerous 
areas and locations, which in some cases greatly exceeded the 3 times 
background criteria. Yellow and green uranium oxides were visible on 
the surface in several areas. Based on the gamma (SPA-3) and G.M. 
measurements, both gamma and beta emitters are present. 

0 Only three elevated G.M. measurement readings were observed at 
WMU No. 91. A beta emitter is probably the primary contaminant. 

e Localized areas of contamination were observed along the banks of the 
ditches south of WMUs 2 and 3. However, the center of the ditch 
exhibited readings that were consistently elevated throughout the length 
of the ditch. Based on the data, both beta and gamma emitters are 
present. 

e The ditch south of WMUs 7 and 30 and the railroad tracks consistently 
exhibited elevated readings at the center (bottom) of the ditch, and the 
gamma survey indicated that the elevated readings were detected 
approximately halfway up the north bank, but were not observed on the 
south bank. The G.M. measurements indicated that a beta emitter is the 
primary source of contamination at 6 locations. 

REFERENCES 

Technical Memorandum No. 17, "Results of the Radiological Walkover Survey of Little 
Bayou Creek, Big Bayou Creek, and Plant Ditches," January 4, 1991, OR028178.TM. 

Phase I1 Site Investigation Work Plan, for PGDP, U.S. DOE and Martin Marietta 
Energy Systems, June 1990. 
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Attachment 3-A 
INSTRUMENTATION CALIBRATION 



Thenno Analytical Inc 

TMAlEberline 

5635 Jefferson Street NE 
- 
- 

Post Office Box 3874 

(505) 345-9931 FAX (505) 761 -54 1 0 CALIBRATION DATA SHEET 

- 
- Albuquerque, NM 87190-3874 SPA-3 

SPA-3 SN: mcid 1 - r  Property of: 6 K  

Readout Inst. : Cp4-1- 1\20 SN: <> 03 ~ J T  

Am-241 Source SN: 8C-x!0 

Cal. Exp. Date: -3-W-5 \ 

Activity: IC-tcco DPM 

Date of Calibration: 6 * 3 - 4 a 

PLATEAU: 

HiPh VoltaRe ICPM) (CPM) High Voltage (CPM) (CPM) 
Source Background Source Background 

600 I e43 w3 1000 J.ru-4 9.94-3 

650 4.kt03 1050 J.(Woci 6 -40+03 

700 627&0>7 1100 A-xw3-l %% 4 4 s  

750 1 .Tik-.3 1150 L u s a  

aoo j.32 +o- 1200 $.>I- \w-f  

850 19 r+oq 1250 &2&9 

900 a.a cc . o ~ 0 3  1300 2 Y7 S*( 

950 3.l2*+4 8 -FY w3 1350 2.4%+-&{ 

1400 4 *2=, 60" 
High Voltage set at : (U3  volts 

Ra-22G Cal . :  

Ra-226 Source SN: E>-ru PIC SN: \~AJT;T-< Cal Exp.Date: 4 -14.9 I 

5 M i n ,  Ct.: ~ . < F L Q ~ -  CPM: I 3 i W  Intensity: [ i > x , o  uR/hr 
uR/hr 5 Min, BKG: I.OT+O\ CPM: 2n Cf Intensity: lps . c~  - 

Net CPM:(\Q(Q(W , Net Intensity: 94t.o uR/hr, 1 uR/hr = \3\> CPM 

Expiration Date: c ; -u  -.? I Date of Calibration: I I "LQ -5 0 



Thenno Analytkal Inc 

TMAtEberline 
5635 Kircher Boulevard NE 
Post Offrce Box 3874 
Albuquerque, NM 87 190-3874 

.- 

(505) 345-993 1 SPA-3 
CALIBRATION DATA SIEET 

SPA-3 SN: * I C  Proper ty  of: EAC. 

Readout I n s t .  :--- SN: m?;3,ba Cal. Exp. Date: ?-\'3-%a 

Am-241 Source  SN: $bo03 A c t i v i t y :  \7 b W 3  DPM 

Date of C a l i b r a t i o n :  G-9.  $59 

PLATEAU : 

High Voltage (CPM) (CPM) High Voltage (CPM) (CPM) 
S o u r c e  Background Source Background 

- 1070 @ r . 4 . q ~  1400 
High Voltage set at:- v o l t s  

Ra-22G Cal.: 

Ra-226 S o u r c e  SN: E.-);rLf PIC SN: L/,q ~13 C a l  Exp.Date: (,-r4."JI~> 

5 M i r i .  C t . :  q . 9 ~  CPM: \pj&m I n t e n s i t y :  \ o A . ~  uR/hr 
5 M i l l .  BKG: I . I ~ + Q ~ -  CPM: 23-0 I n t e n s i t y :  $ 2 .  uR/hr 

-- 

- 
Net CYfd:T& , Net I n t e n s i t y :  uR/hr = \\S& CE'M 

1):ite of C a l i b r a t i o n :  5.44.9 u E x p i r a t i o n  Date: \ \ ~ q - q ( 3  

C i l i b r a t e d  b y :  x&mfi-s fl. (d3cny~'; L A  

(S igna  r e )  
Reviewed by : Date: O?Y ! 4 rq 0 



Thenno Analytical Inc 

TMA/Eberllne 
795-A Oak Ridge Turnpike 
Oak Ridge, TN 37830 

-- - 
-_ _ _  

(615) 481-0683 

ASP-1 
CALIBRATION DATA SHEET 

ASP-1 SN: / 1 7 Z  -# 30 Property of :  

MP-1 SN: 7to Cal. Exp. Date: 12- j9 - 9 0 

Electrostatic Voltmeter: CIS  SN: {YboS Cal.Exp.Date: ? - I F - -  7/ 
Regulator Voltage: 5 .0  V, 5.00 0.01 volts 

8- 

ASP-1 Input Sensitivity: /o mV 

I 

Scale MP-1 Pre-Cal Post-Cal Tolerance High Voltage 
ESV I NO - -  - 

20 +2 CPM Pre-Cal Post-Cal - XlOO . 20 CPM 20 

XlOO 80 CPM 78 75 - t2 CPM 600 $20 626 

X 1 K  200 CPM Zoo 2 lo - +10 CPM 1000 / o w  1000 

X 1 K  800 CPM 7x0 790 - +10 CPM 1500 / Y  7 5  /97( 

XlOK 2K CPM 2100 a 100 +lo0 CPM 2000 l 9 5 0  I S 5 ’  

+lo0 CPM 2500 NA N A  XlOK 8K CPM Baoo v O W  - 
X100K 20K CPM 2 I I< 21 (< - +1K CPM H.V. Set: 900 900550 

Xl00K 80K CPM q P E  90 IC 89K+lK CPM 

Date o f  Calibration: /2-/&- 90 Expiration Date: be’D-y/  

Cal i brated by:)kycm flQM#v 
Print Name) 

Reviewed by: Date:. 13 -/o-W 

EA4.29 
Rev: 1 
Date: 3 Feb 88 EA4.29-174 



INSTRUMENT SERVICE LABORATORIES 
680 Haines Avenue, N.W. 

Albuquerque, New Mexico 87102 
(505) 842-1107 

Model No. 

518 

CERTIFICATE OF CALIBRATION 
REPORT NO. 18625 

Serial No. 

19805 

INSTRUMENT SUBMITTED BY: 

ManufacturerEXC-DOE-14501-SC-1015 7 
RAWSON-LUSH ACDC EVM 

RECENED 

[Xjx Within Tolerance 

[: 3 Out of Tolerance 

[ 3 Operational Failure 

[ ] Physical Damage 

[ 3 Other 

Calibration Date 
03-15-90 

~ ~ ~ ~ 

APPLICABLE NBS T E S  REPORT NUMBERS 
D C Voltage 243553 
A C Volrage 239502, 239605 
Resistance 231746, 233681, 236154 
Capacitance 231682, 211518 
Inductance 230982 
Frequency WWVB Transmission 
Temperature 236912 
Mass 38129 
Length 236940, 241460 

TMA/EBERLINE 
5635 JEFFERSON N.E. 
ALBUQUERQUE, NM 87109 

L 

RETURNED 

[xJx Within Tolerance 

[ 3 With Limitations 
+ 

CI\.I,IB - 1% 

Calibration Environment 

Temperature 72  F Humidity 40 8 

R e c d  Date 
03-15-91 

Instrument Service Laboratories certifies that the above listed 
instrument meets or exceeds published manufacturer's specifi- 
cations and that it has been calibrated using standards whose 
accuracies are traceable to the National Bureau of Standards. 
Our "Calibration System Requirements" satisfy MIL-STD-45662. 

Certified By 



Th7A 
memo Analytical Inc 

TMAlEbedhe - 
5635 Jellorson Street NE SPA-3 
POSt office BOX 3874 

Albuquerque. NM 87 190-3874 
CALIBRATION DATA SllEET 

Property OF: €Pc 
Readout Inst.: pRS-1 SN: 677 Cal.  EX^. Date: 5-17-91 

Alpha Source SN: A m - Z ' f l  5 2  7 70 Act iv i ty :  YIlboo UP14 

Date o f  Calibration: 5 lf-?a 
. .  PLAI EAU: . .  

l l iql i  Voltage (CPML (CPM) IIiqti Vol taqe 1CPI4) (CrIQ 
Source Background Source Backgrourld 

950 1350 L-1798Y 

1400 sow/ 
Nigh Voltage s e t  a t :  1006 vo l ts  

-- Ita-226 - Cat. 2 

Ra-226 Source SN: -0Yo P I C  SN: VYOS?~ Cal Exp.Date: 8 - 3  -91 
5 Min. Ct. :  6 7 9  CPM: 13 5967. Intens I t y :  s'c/ I J R / I ~ ~  
5 Mln. BKG: / ~ ~ 8 ~ ~  CPM: ,z&b&'y Intenslty:  / 9  uR/l~r 

flet CPM:&~rlr .q , Net in tensi ty :  65 uR/lir, 1 uR/lir = 168'2 CPM 

Date O F  Calibration: J2-/1-.70 Expirat ion Date: 6 -4- 9/ 

EA4.14 
Rev: 1 
Dote: 25 Jan 88 €Arlo 14-84 



Thenno Analytical Inc 

TMAlEberline 

5635 Jefferson Street NE 

Post Office Box 3874 

Albuquerque, NM 87190-3874 SPA-3 
(505) 345-9931 FAX (505) 761-5510 (XJBRATION DATA s m  

SPA-3 SN: E N -  $4'2. Property of.: e i  

A c t i v i t y :  I 5 2 . ( > G O  DPM Am-241 Source SN: 6 W 4 0  

Date of Calibrat ion:  G . % - '? 0 
PLATEAU: 
High Voltape (CPM) (CPMZ High Voltage (CPM) (CPM) 

Source Background Source Background 

950 

High Voltage set at:)OY@ v o l t s  

Ra-22G Cal.: 

1350 3 . a  +Z+f 

- 
1400 

Ra-226 Source SN: ESi4 PIC SN: Vw,n> C a l  Exp .Date--- 

~ 

Net CPM:Jp,(&m , Net In tens i ty :  $33. uR/hr, 1 uR/hr = ,-CPM 



TMAIEberline 
5635 Jefferson Street NE 
Post Office Box 3874 

Albuquerque. NM 87190-3874 HP-270 

- 
- 
- 

(505) 345-9931 CALIBRATION DATA SHEET 

HP-270 SN: & -18) *I Property o f :  Ertc 

Readout Inst.: Ppq - \ SN: Cal. Exp. Date: \-\9-9\ 

High Voltage set at 900 volts 

PIC SN: \ / . 4 c ~ ’ j  Cal Exp. Date: - M*q \ 

Gamma Source SN: Ra -3LL S - J - L Y  

5 Min. Ct.: -9 CPM: lM.8 Intensity: t 03 mR/hr 

5 Min. BKG: \W CPM: 33.t Intensity: #0\9 mR/hr r \  

Net CPM = 17) .b Net Intensity: 0%- mR/hr 

Net CPM 

Net Intensity 
1 mR/hr = = ICb+ -CPM 

Date o f  Cali bration: 0 - \-3 - 9 0 Expiration Date: - 
- 7 - w - e )  

Date: g-\3-90 

Calibrated by: .T%aA. Qm01 
(Print Name) 

Reviewed by: 

EA4.13 
Rev: 1 
Date: 25 Jan 88 EA4.13-79 



TMAIEberllne 
795-A Oak Ridge Turnpike 
Oak Ridge, TN 37830 HP-210 , 

(615) 481-0683 CALIBRATION DATA SHEET 

HP-210 SN: / O S  
Readout Inst.: h 5 - Z  SN: 1 / 7 5  Cal. Exp. Date: 9-8-?* 

High Voltage se t  a t  900 v o l t s  

Beta Source SN: / rYT/?o Ac t i v i t y :  7890 DPM 

Date o f  Cal ibrat ion:  

Beta Efficiency:’ 

Property of :  ‘fpc 

TL- 79 
mRad/hr: HA-  

<- 1 5 -  ?O 

- 

Geometry: SH-4 (with planchet)  

5 Min. C t :  3r07 CPM: 7 6 / - 4  

5 Min. BKG: / 6 3  CPM: 3’2- 6 

Net CPM: 729. D 

Net  CPM 

DPM 
E f f i c i ency  = x 100 = 9.3 1. 

. 1 mRad/hr - &A. CPM 

Date o f  Cal ibrat ion:  7-6- 93 

Cal ibrated 

Reviewed by: Date: * *  

Expt rat ion Date: 2.6 *‘?/ 

EA4.11 
Rev: 1 
Date: 25 Jan 88 

. .  

EA4.11-71 



Thenno Analytical Inc 

7 5 - /3 TMAEberline PAQ U d i - f  

795-A Oak Ridge Turnpike 
Oak Ridge, TN 37830 
(615) 481-0683 CALIBRATION DATA SHEET 

- 

HP-210 
- 

HP-210 SN: /oz Proper ty  of: C A c  

Readout Inst.: M J - Z  SN: 1175 Calm Exp. Date: y-g -40  

High Voltage s e t  a t  900 v o l t s  

Date .o f  Cal ibrat ion:  

Beta Efficiency:' 

r- 15- 9 0 
- 

Geometry: SH-4 (with planchet) . 

3 997 CPM: .w/. 8 5 Min. Ct :  

5 Min. BKG: 1 3Z CPM: z6.y. 
Net CPM: 765.7 

4.8 x Efficiency = - x 100 - .- Net CPM 

DPM 

Date o f  Cal lbrat ion:  6-6 - 90 Expi rat ion Date: 2-6-71 

Cal i bra ted  by: ~ ? P I N ~ - P #  f l  UUPHY */A P& 
(Signature) 

Reviewed by: Date: 8/7/40 

. . .  
. _  

EA4.11 
Rev: 1 
Date: 25 Jan 88 



. . . f  - .  . - ... 

Thenno Anal'idlnc 

75 --!7 
TMNEberline pAou*P - 
5635 Jefferson Street NE 
Post Office Box 3874 HP-210 
Albuquerque. NM 87190-3874 CALIBRATION DATA SHEET 
(505) 345-9931 

HP-210 SN: ID/ Property of: €PC 

Readout Inst.: FI J-2 SN: 1135 Cal. Exp. Date: 9- B - 9 0  

High Voltage se t  a t  900 v o l t s  

Beta Source SN: /8v$f90 A c t i v i t y :  7 8 Y O  DPM mRad/hr: N.A. 

Date .of C a l i  bration: 

Beta E f  f i c i  ency:' 

7-a 99 

g- M.70 
-- 

.. . Geometry: SH-4 (with planchet) 

5 Min. C t :  3 9 6 2  CPM: 7"i.y 
5 Min. BKG: IgG CPM: 31- 

Net  CPM: 76/.2 

Net CPM 

DPM 
E f f i c i e n c y  = x 100 = 9.7 

1 mRad/hr - CPM 
, 

Expirat ion Date: 2-6-99/ Date o f  Cal ibrat ion:  8-6- 90 
Calibrated by: Lir/dn a ,@OL?PHY 

Reviewed by: Date: S / S / ~  L 4  

* r d m *  (Signature) 

3 

EA4.11 
Rev: 1 
Date: 25 Jan'88 EA4.11-71 



Thenno Analytidlnc 

TMA/Eberllne 
795-A Oak Ridge Turnpike 
Oak Ridge, TN 37830 ' 

7 

ESP-1 
CALIBRATION DATA SHEET 

(615)481-0683 

ESP-1 SN: 92.3 Property of: 

Location: PhO OCA H 

Iiigh Vol taqe Check: 

Electrostatic Voltmeter SN: 19g's Cal . 
P r e-Ca 1 

6 lo - -  
to lo / O f 0  

/ 3  5D 

p 0s t-Cal 

6 10 

- ESV 

600V 

1 ooov - 
1400V 1 3  io 

volts H.V. set at: 9 O 0  

Exp. Date: 3 - )5 -4  I 

Tolerance 

600+30V 

1000+50V 

1400+70V 

Input Sensitivity Check: 

Mp-1 SN: q/O Cal. Exp. Date: 12-1 3 - 9 0  

Pre-Cat . Post-Cal . 

I z .o IZmVtO. 5mV - >lZmV 

Scaler 
MP-1 ESP-1 To1 et ance . 

999 CPM 
CPM 

1000 CPM 
. 9999 10000 CPM lOOK CPM i o o K  CPM 

io00+5 cPr4 
10000750 CP14 
100Kr500 CPt4 

EA4.26 
Rev: 1 
Dat-e: 17 April 89 . 

. -  
EA4.26-160 



Thenno Analytical Inc 

TMA/ Eberllne 
795-A Oak Ridge Turnpike 
Oak Ridge, TN 37830 
(615) 481-0683 CALIBRATION DATA SllEET 

ESP$* I 

ESP-1 SN: 2 0  I4 Property of:  E A  L 

Location: ? C A $ ~ ~ - L C C  

l l iqh Vol taqa Check: 

Electrostatic Voltmeter SN: \c\ €305 

I 

Cal. EXP. Date: 3 -15-9 \ 
Pos t-Cal To1 erance 

600V c30 Lto 600+30V 

1 ooov C1G 995 * 1000+50V 

\4\0 1400+70V 

* - ESV Pre-Cal 

1400V \3Gu 

1I.V. set at: 700 volts - 

. .  . ". . ,. 1) . _. 

Scaler - 
ESP-1 To1 er ance . MP-1 - - 

1000 CPM . 1000 CPM iooot5 crti 
10000 CPM [0&,3(3 CPM 1 oo00+50 cri.1 lOOK CPM GjQF,->/> CPM 100Kz500 CWl 

Date of  Calibration: / -a@-q/  
Callbrated by: &i y1c/cx// l4.5dL 

(Print Name) 

Date: I- 2 9 - 3 /  

E M ,  26 
nev: 1 
11at.c: 17 April 89 EA4.26-160 



TMA/Eberline 
795-A Oak Ridge Turnpike 
Oak Ridge, TN 37830 
(615) 481-0683 ESP-1 

CALIBRATION DATA SHEET 

ESP-1 SN: 9 2 3  P r o p e r t y  of: 

Location: P P Q U d  

Niqh Vol taqe  Check: 

E l e c t r o s t a t i c  vo1 tmeter  SN: I 9 30s Cat. - 

post-Cal 

6 10 

ESV P r e-Ca 1 - 
600V 6 lo  . -  

to IO lolo 1 ooov - 
‘ l400V 13 50 13 SD 

Exp. Date: 3-l5-71 

To1 erance 

600230V 

1000+_50V 

1400+7OV 

v o l t s  H.V. s e t  at: 9 0 0  

Sca ler  

MP-1 

1000 CPM 

I O O K  CPM 
io000 CPM 

ESP-1 To1 e r  ance , 

1000+5 CPt4 
1 OOOOT50 CPld loo K 100Kz500 CPtd 

- 9 9 9  CPM 

EA4.26 
Rev: I 
Dat,e: 17 A p r i l  89 EA4.26-160 



Thenno Analytical Inc 

TiWAJEberline 
5635 Jelhrson Street NE 
Post Office Box 3874 PRS-1 . 
Albuquerque. NM 87190-3874 CALIBRATION DATA SIIEET 
(505) 345-9931 

- .  . 
~ I _  . .-k ., c - .. .- 
.- 
. .. 

PRS-1. SN: 5 4  Z Property of: GA-C 

Battery OK/ERROR Legend Threshold: ' 5- 6 v o l t s  

Electrostat ic  Voltmeter: 5 1 SN: IqB& C a l . E x p - D a t e : 3 - ~ ~  1 
High Vol tage D i  splay: 

ESV Pre-Cal Pos t-Cal To1 erance 

600 V b I ' t  .do3 600212 V 
- 

1000 v I003 1003 1000+20 . ,.- v 
1400 V 13- 13c\$3 '1400+28 V 

I "put  Sensitivity: 

(threshold a t  0100) Pre-Cal: /O mV, Post-Cal /D 102.5 mV 

MP-1 SN: si3 '7 4Cal.Exp.Date: 4 -9-l 
P RS-1 D i  splay( CPM) To1 erance( CPM) - MP-1 Rate: - 

400 CPM A 400~4 

4K+40 - 4K CPM B 4008 
C 34136 4 0 K+4 00 40K CPM 

400K CPM 0 3% 7 3110 4 00 K+4 K 

50K+50 
Scal er: 

100K CPM 0.5 su K 

lOOK CPM 1.0 100. K 1 OOK+lOO 

lOOK CPM 2.0 209 I/ 200 K+2 00 

lOOK CPM 50 OK25 00 

Functional Check: 

Date o f  Calibration: /-t? 

0 
Cal i brated b 

Reviewed by: 
~ J l y l l u b u l  F 

/ -2 7- 9/ 

E M .  2 
Rev: 0 
Date: 10 Dec 85 . .  . 

EA4.2-15 
. .  

' .  . 



-.. 

menno Anal~kal lnc 

TMA/Ebedlne 
/ 795-A Oak Ridge Turnpike 

- 
Oak Ridge. TN 37830 
(615) 487-0683 PRS-1 

CALIBRATION DATA SHEET 
r_ 

PRS-1 SN: 275 Property of: cSauJacak f A c  

Battery OK/ERROR Legend Threshold: 5* L$ volts 

Electrostatic Voltmeter: 451 2 SN: 19805 Cal. Exp. Date: ase?/ 
High Voltage Display: - P re-Ca 1 Post-Cal To1 erance ESV 

600 V &\\ e\\-  600212 V 
1000 v 1005 \ooG 1000~20 v 

1400 V 1403 1403 1400228 V 

Input Sensitivitfi 

(threshold at 0190) Pre-Cal: 16 mV, Post-Cal 10+_.5 mV 

MP-1 SN: ?/o ial.Exp.Date: /a -/e@ 
PRS-1 D i  sp1 ay( CPML To1 erance( CPM) Rate: MP-1 - 

400 CPM A 400 400i4 

4Ki40 4no8 B 4K CPM 
40K CPM C 35736 40K2400 

400K CPM 0 391,3&7 400K24K 

Scaler: 1OOK CPM 0.5 so,&& 50K250 

100K CPM 1.0 100 K 1 OOK+100 

1OOK CPM 2.0 J 0 9  K 200K2200 

'7 Li g h td 
l O O K  CPM 5.0  5 0 U k  

Functional Check: M a n u a l d  StopJSpeaker- J Headphones- 
Date o f  Cali bration: 9*/3 -44 
Calibrated by: 

Reviewed by: 

EA4.2. 
Rev: 0 
Date: 10 . .  .'Dee. 85 1 EA4.2-15 





Attachment 3-B 
GAMMA WALKOVER SURVEY MEASURElMENTS 



AITACHMENT 3-B 
GAMMA WALKOVER SURVEY 

SURVEY 
AREA LOCATION OBSERVED GAMMA 

SURVEYED COORDINATE (gross - cprn)' 

WMU #1 

COMMENTS 

E.-W. DITCH: 100-600K C 
FIELD: 32-6OK cpm 

GRASSY, GRAVEL NORTH OF DITCH 

DITCH 50-96K cpm 
N9+50, El O+OO 32-96K GRASSY IN FIELD 32-50K cpm 

N9+00 E10+00 28-66K FIELD 28-35K cpm 

N10+00. E10+50 35-16OK ELEVATED IN DITCH (GRAVEL N. OF DITCH) 
HOT SPOT @ N10+44, E l  0+70: 160K cpm 

GRASS SOUTH OF DITCH 
N9+50, El 0+50 35-45K GRASS THROUGHOUT GRID BLOCK 
N9+00. E l  0+50 30-65K ELEVATED IN DITCH / GRASS, MUD 
N8+50; E10+50 25-50K ELEVATED IN DITCH / GRASS, GRAVEL, MUD 
N8+00, E10+50 16-28K ELEVATED IN DITCH 

N1 O+OO. E l  1 +00 50-60K GRAVEL NORTH OF DITCH 
GRAVEL, GRASS, MUD, WR TRACKS 

80-9OK DITCH - GRASS,MUD w a  

D W  40-5oK GRASS THROUGHOUT REMAINDER OF GRID BLOCK 
GRASS, MUD 

N9+50, El 1+00 30-50K GRASS THROUGHOUT GRID BLOCK 
N9+00. El 1+00 30-50K GRASS THROUGHOUT GRID BLOCWSPOT 50K cpm 
N8+50; E l  1+00 
N8+00, E l  1 +00 

23-33K 
22-26K 

GRASS THROUGHOUT GRID BLOCK DITCH @ SOUTH 
DITCH @ NORTH SIDE OF BLOCK 

GRASS THROUGHOUT GRID BLOCK - - _  
N1 O+OO, E l  1 +50 45-55K GRAVEL NORTH OF DITCH (CYLINDER YARD) 

150, E l  1+50 
bnn F I I + ~ ~  

25-30K 
20-25K 

GRASS THROUGHOUT GRID BLOCK 
SEWER LID / GRASS THROUGHOUT GRID BLOCK 

N 8. 
-~ 

HOT SPOTSN10+34 E12+23:130K-800K 

GRASSY THROUGHOUT GRID BLOCK 
N9+00, E12+00 25-36K 
N8+50, E l  2+00 21 -31K 

GRASSY THROUGHOUT GRID BLOCK 
GRASSY THROUGHOUT GRID BLOCK 

' (gross cpm) - gross counts per minute, includes background 



AREA 
SURVEYED 

WMU #1 

SURVEY 
LOCATION OBSERVED GAMMA 

COORDINATE (gross - cprn)’ 

N8+00, E l  2+00 17-26K 
N10+00. E12+50 27-650K 

COMMENTS 

GRASSY - HILLSIDE (DITCH 5’ SOUTH OF GRID) 
HOT SPOTS: N10+34, E l  2+50; 270-400K cpm 

N10+34, E12+50:400K cpm N10+42, E12+65: 178K cpm 

GRASSY THROUGHOUT GRID BLOCK 

HOT SPOT @ N10+50, E l  3+38: 441K cpm 
FIELD: 30-40K cpm 

GRASSY, GRAVEL NORTH OF DITCH 
HOT SPOT @ N9+64, E l  3+09: 124K cpm 
HOT SPOT @ N9+64, E13+14: 203K cpm 

FIELD: 18-37K cDm 

GRASSY - HILLSIDE (DITCH 5’ SOUTH OF GRID) 
N8+50; E12+50 17-26K 
N8+00, E12+50 17-24K 
N10+00, E13+00 30-441 K 

N9+50. E13+00 18-203K 

HIIO - PROPOSED BOREHOLE LOCATION t GRASSY 
N9+00, El3+00 18-27K GRASSY, OLD GRAVEL ROAD 
N8+50, El3+00 17-25K GRASSY. OLD GRAVEL ROAD 
N8+00, E13+00 15-25K 
N1 O+OO. E l  3+50 

GRASSY - HILLSIDE WITH DITCH -5’ SOUTH OF HILL 
31 -67K GRASSY. GRAVEL NORTH OF DITCH 

N9+50. E l  3+50 20-37K GRASSY, OLD GRAVEL ROAD 
N9+00, E l  3+50 18-27K GRASSY, OLD GRAVEL ROAD 
N8+50, E l  3+50 17-26K GRASSY - HILLSIDE 
N8+00, E13+50 15-22K GRASSY - HILLSIDE - WR TRACKS - DITCH 
N10+00, E14+00 27-121K HOTSPOT@ N10+51, E14+14: 121Kcpm 

FIELD I GRASSY - GRAVEL NORTH OF DITCH: 27-39K cpm 
N9+50, E14+00 21 -30K GRASSY - OLD GRAVEL ROAD 

N8+00, E14+00 16-20K NO SURVEY SOUTH OF FUR TRACKS 
GRASSY - HILLSIDE - DITCH - FUR TRACKS 

N10+00, E14+50 25-35K GRAVEL NORTH OF DITCH I GRASS SOUTH OF DITCH 

HOT SPOT @ N10+25, E15+03: 175K cpm 
GRASS, GRAVEL, PAVEMENT 

N9+50, E15+00 15-40K GRASS, GRAVEL, PAVEMENT 
N9+00, E15+00 15-2OK GRASS, PAVEMENT 
N8+50, E15+00 15-2OK GRASS, PAVEMENT, FUR TRACKS 

(gross cpm) - gross counts per minute, includes background 



ATTACHMENT 3-B 
GAMMA WALKOVER SURVEY 

AREA 
JRVEYED 

WMU #4 

SURVEY 
LOCATION OBSERVED GAMMA 

COORDINATE (gross - cpm)' COMMENTS 

N13+25, E9+37 16K QUALITY CONTROL 16.4K cpm 

N11+50. E9+37 12.1K 

QUALITY CONTROL 17.6K cpm 
N11+25; E9+37 12.9K 
N11 +OO, E9+37 17.5K 
N10+75, E9+37 1 7.7K 
N10+50, E9+37 17.6K 

N9+00, E9+37 11.1K 
15.9K N13+50. E9+50 BOTTOM OF DITCH 20.3K cpm 

N13+25, E9+50 20.6K 
N13+00. E9+50 17.6K 
N12+75; E9+50 15.9K 

N11+25, E9+50 11.7K 
N11+00, E9+50 13.2K 
N10+75, E9+50 12.6K 
N10+50, E9+50 12.6K 
N10+25 E9+25 12.8K 

BOlTOM OF DITCH 16.9K cpm N13+50, E9+75 17.1K 
N13+25, E9+75 18.9K 
N13+00, E9+75 17.2K 
N12+75, E9+75 16.2K 

N10+75, E9+75 10.7K QUALITY CONTROL 10.9K cpm 
N10+50, E9+75 11 .OK 
N10+25, E9+75 10.7K 

N13+25, E10+00 19.7K 
N13+00. E10+00 16.4K 
Nl2+75, E l  O+OO 15.7K 

* (gross cpm) - gross counts per minute, includes background 



AREA 
SURVEYED 

WMU #4 

SURVEY 
LOCATION OBSERVED GAMMA 

COORDINATE (gross - cpm)' COMMENTS 

N12+50, ElO+OO 14.7K 
N12+25, E10+00 I3.W 
N12+00, E10+00 12.m QUAUTY CONTROL 12.6K cpm 
N11+75, El0+00 t 2.4K 
N11+50, ElO+OO 12.1K 
N11+25, E10+00 11.8K 
N11+00, E10+00 1l . lK 
N10+75, E10+00 10.8K 
N10+50, E l  O+OO 10.4K 
N10+25, E10+00 10.3K 

N13+25, E10+25 20.5K 
N13+00, E10+25 17.8K 
N12+75, E10+25 16.9K 
N12+50, E10+25 15.9K 

N11+00. E10+25 1 2.0K QUALITY CONTROL 11.7K cDm 
N10+75; E10+25 11.4K 
N10+50, E10+25 11.6K 
N10+25, E10+25 10.9K 
N10+00, E10+25 10.9K 
N9+75, 1o.x 
N9+50, El 0+25 14.5K 
N9+25, E10+25 9.4K 
N9+00, El 0+25 8.6K 
N13+50, El 0+50 3 8.M BOTTOM OF DITCH 22.3K cpm 
N13+25, E l  0+50 19.3K 
N13+00, E l  0+50 17.5K 
N12+75, E10+50 16.4K 
N12+50, E10+50 15.5K 
N12+25. E10+50 14.7K 

N10+75, E10+50 11.6K 
N10+50, E10+50 10.8K 
N10+25, E10+50 10.6K 
N10+00, E10+50 10.7K 
N9+75, E10+50 1o.oK 

N13+00, N10+75 17.4K 
N12+75, E10+75 16.4K 
N12+50, E10+75 15.3K 
N12+25, E10+75 14.8K 
N12+00, E l  0+75 14.2K 

* (gross cpm) - gross counts per minute, includes background 



AREA 
SURVEYED 

WMU #4 

SURVEY 
LOCATION OBSERVED GAMMA 

COORDINATE (gross - cprn)' COMMENTS 

N11+50. E10+75 13.OK 
N11+2!5, E10+75 
N11+00, E10+75 l1.W 
N10+75, E10+75 I f  .5K 
N10+50, E l  0+75 11.1K 
N10+25. E l  0+75 10.8K 
N1 O+OO, E l  0+75 10.6K 
N9+75, E l  0+75 1 O.OK 
N9+50, E10+75 13.1K 

1 2 s  QUALrrY CONTROL 12.2K cpm 

N9+25, E l  0+75 8.2K 
N9+00, El 0+75 7.5K 

17.W N13+50, E11+00 
N13+25, E11+00 19.1K 
N13+00. El 1 +OO 17.Z 
N12+75, El 1+00 15% 

BOrrOM OF DITCH 20.3K cprn 

N12+50, E11+00 14.9K 
N12+25, E11+00 14.5K 
N12+00, E11+00 13.7K 
N11+75, E l  1+00 13.4K 
N11+50, E11+00 12.6K QUALITY CONTROL 12.6K cpm 

N10+00, E11+00 1 O.OK 
N9+75, E l  1+00 9.9K 
N9+50, E l  1 +00 17.3K 
N9+25, E l  1+00 8.2K QUALITY CONTROL 8.34K cpm 
N9+00 E11+00 7.4K 

N12+25, E11+25 14.3K 
N12+00, El1+25 13.7K 
N11+75, E11+25 12.9K 
N11+50, E11+25 12.4K 
N11+25, E11+25 12.1K 

COUNT RATE @ N9+56,28.3K cpm 
N9+75, E l  1 +25 9.8K 
N9+50, E l  1 +25 12.OK 
N9+25, E l  1+25 7.5K 
N9+00 E11+25 8.1K 

N12+25. E l  1 +50 13.5K 
N12+00, E l  1 +50 13.OK 

* (gross cpm) - gross counts per minute, includes background 



AREA 
SURVEYED 

SURVEY 
LOCATION OBSERVED GAMMA 

COORDINATE (gross - cprn)' COMMENTS 

WMU #4 

N10+50, E11+50 10.2K QUALITY CONTROL 10.4K cpm 
N10+25, E11+50 9.9K 
N10+00, E11+50 9.6K 
N9+75, E l  1+50 9.4K 
N9+50, E l  1+50 10.8K 

N12+75, E11+75 15.1K 
N12+50, E l  1 +75 14.3K 
N12+25, E11+75 13.5K 
N12+00, E11+75 12.7K 

QUALITY CONTROL 13.2K cpm 

N11+75, E11+75 12.4K 

N10+25, E l  1+75 9.9K 
N10+00, E11+75 9.5K 
N9+75, E l  1+75 9.OK 
N9+50, E l  1 +75 10.2K 
N9+25, E l  1+75 8.5K 

QUALITY CONTROL 9.29K cpm 

N9+00, El 1+75 8.6K 
N13+50, E l  2+00 16% BOlTOM OF DITCH 19.4K cpm 
N13+25, El2+00 17.2K 
N13+00, El 2+00 15.4K 
N12+75, El2+00 14.5K 
N12+50. E12+00 13.6K QUALITY CONTROL 13.8K cpm 
N12+25; E l  2+00 13.2K 
N12+00, E12+00 12.5K 
N11+75, E12+00 12.1K 
N11+50, E12+00 11.5K 

N1 O+OO, E l  2+00 9.3K QUALITY CONTROL 9.50K cpm 
N9+75, E12+00 9.2K 
N9+50, E l  2+00 13.2K 
N9+25, E l  2+00 8. OK 
N9+00, E l  2+00 8.6K 

READING BIASED TO N9+53 DUE TO INCREASED 
COUNT RATE 

N12+25. E l  2+25 13.5K 
N12+00, E12+25 12.6K 
N11+75, E12+25 12.1K 

* (gross cpm) - gross counts per minute, includes background 



AREA 
SURVEYED 

WMU #4 

SURVEY 
LOCATION OBSERVED GAMMA 

COORDINATE (gross - cprn)' COMMENTS 

N 1 1 +50, El 2+25 
N11+25, E12+25 11.3K 
N11 +OO, El 2+25 1O.M 
N10+75, E12+25 10.M 

11.X 

N10+50, El 2+25 9.8K QUALITY CONTROL 9.93K cpm 
N10+25, E12+25 9.7K 
N1 O+OO, E l  2+25 9.6K 
N9+75, E12+25 9.3K 
N9+50, E12+25 9.2K 
N9+25, E l  2+25 9.8K 
N9+00. El2+25 8.5K 
N13+50, E12+50 16.X BOTTOM OF DITCH 19.5K cpm 
N13+25, €12+50 17.M 
N13+00, E12+50 15.4K 
N12+75. El 2+50 14.4K 
N12+50, E l  2+50 13.6K 
N12+25, E12+50 12.8K 
N12+00, E l  2+50 12.1K 
N11+75, E12+50 11.9K 
N11+50, E12+50 11.4K 

N9+75, E12+50 9.1K 
N9+50, E l  2+50 9.8K 
N9+25, E l  2+50 8.8K 
N9+00, E l  2+50 8.9K 

N12+25, E12+75 12.9K 
N12+00, E12+75 12.3K 
N11+75, E12+75 11.6K 
N11+50, E12+75 11.3K 
N11+25, E l  2+75 10.9K 
N11 +OO, El 2+75 3 0.5K 

N10+50, El  2+75 9.8K 
N10+25, E12+75 9.8K QUALITY CONTROL 9.63K cprn 
N10+00, E12+75 9.5K 

N10+75, El2+75 10.2K 

N9+75, E l  2+75 
N9+50, E12+75 
N9+25, E l  2+75 
N9+00. E12+75 

8.9K 
9.8K 
9.1K 
8.6K 

N13+50 E l  3+00 15.4K BOTTOM OF DITCH 21.5K cpm 

N 12+00, E l  3+00 11.8K 
N11+75, E13+00 11.6K 

N13+50 E l  3+00 15.4K BOTTOM OF DITCH 21.5K cpm 

N 12+00, E l  3+00 11.8K 
N11+75, E13+00 11.6K 

(gross cprn) - gross counts per minute, includes background 



AREA 
SURVEYED 

WMU #4 

SURVEY 
LOCATION OBSERVED GAMMA 

COORDINATE (gross - cprn)’ COMMENTS 

N11+50, E13+00 11.1K 
N11+25, E13+00 10.6K 
N11+00, E13+00 10.2K 

N9+50, E l  3+00 10.4K 
N9+25, E l  3+00 9.lK 
N9+00, E13+00 9.3K 
N13+50, E l  3+25 15.2K 

N11+75, E13+25 1 1.5K 

BOTTOM OF DITCH 24.9K cpm 

N11+50, E l  3+25 11.2K 
N11+25. E13+25 10.9K 
N11 +OO, E l  3+25 10.3K 
N10+75, El3+25 1O.W 
N10150, El 3+25 9.6K 
N10+2!5, E13+25 9.2K QUALITY CONTROL 9.37K cpm 
N10+00, E13*25 9.1K 
N9+75, E l  3+25 8.8K 
N9+50, E13+25 10.4K 
N9+25, E13+25 9.4K 
N9+00, E l  3+25 9.5K 
N13+50, E13+50 15.5K BOTTOM OF DITCH 21.5K cpm 

N12+00, E13+50 11.9K 
N11+75, E l  3+50 11.6K 
N11+50, E l  3+50 11 .OK 
N11+25, E l  3+50 10.4K 
N11+00, E13+50 13.OK 

N9+50, E l  3+50 9.9K 
N9+25, E l  3+50 9.6K 
N9+00, E l  3+50 8.9K 
N13+50, E l  3+75 14.6K BOTTOM OF DITCH 24.5K cpm 
N13+25. E13+75 15.6K . -  - - - ~- 

N13+00. E l  3+75 14 .X  
N12+75, E13+75 13.7K 
N12+50, E l  3+75 13.2K 
N12+25, El3+75 12.5K 
N 1 2+00, El 3+75 11.8K QUALITY CONTROL 11.7K cpm 
N11+75, E13+75 11.7K 

‘ (gross cpm) - gross counts per minute, includes background 



AREA 
SURVEYED 

WMU #4 

SURVEY 
LOCATION OBSERVED GAMMA 

COORDINATE (gross - cpni>* 

N11+50, E l  3+75 10.8K 
N11+25, E l  3+75 10.6K 
N11+00, E13+75 10.2K 

COMMENTS 

N10+75, E13+75 9.8K 
N10+50, El 3+75 9.7K 
N10+25, El3+75 9.4K 
N 1 O+OO. El 3+75 8.9K 
N9+75, El3+75 8.5K QUALITY CONTROL 8.63K cpm 
N9+50. El 3+75 9.3K 
N9+25, E l  3+75 8.8K 
N9+00, E l  3+75 8.8K 
N13+50, E14+00 15.8K 
N13+25, E14+00 15.7K 

BOlTOM OF DITCH 21.8K cpm 
QUALITY CONTROL 16.OK cpm 

N13+00 E14+00 13.9K 

N11+50, E14+00 10.7K 
N11+25, E14+00 10.5K 
N11+00, E14+00 1 O.OK 
N10+75, E14+00 9.4K QUALITY CONTROL 9.54K cpm 
N10+50 E14+00 9.4K 

N13+50, E14+25 14.5K 
N13+25, E14+25 15.1K 
N13+00, E14+25 13.6K 
N12+75, E14+25 13.1K 
N12+50, E14+25 12.6K 
N12+25, E14+25 12.2K 
N12+00. E14+25 13.4K 
N11+75, E14+2!5 11.1K 
N 11 +50, El 4+25 
N11+25, El&% t0.X 
N11+00, E14+25 9.9K 
N10+75, E14+25 9.6K 
N10+50, E14+25 9.4K 
N10+25, E14+25 9.1K 

10.w QUALITY CONTROL 10.8K cpm 

N10+00, E14+25 8.7K 
N9+75, E14+25 8.7K 
N9+50, E14+25 9.5K 
N9+25, El4+W 9.OK 
N9+00. E l  4+25 
N13+50, E14+50 15.w 
N13+25, E14+50 15.4K 
N13+00, E14+50 13.6K 
N12+75, E14+50 13.OK 
N12+50, E14+50 12.4K 

8.7K QUALITY CONTROL 8.57K cpm 
EOTfoM OF DITCH 17.2K cpm 

N12+25, E14+50 12,lK 

(gross cpm) - gross counts per minute, includes background 



AREA 
SURVEYED 

WMU #4 

SURVEY 
LOCATION OBSERVED GAMMA 

COORDINATE (gross - cprn)' COMMENTS 

N10+75, E14+50 9.7K 
N10+50, E14+50 9.5K 
N10+25, E14+50 9.1K 
N10+00, E14+50 8.9K 
N9+75. E14+50 9.3K 

N12+75, E14+75 13.1K 
N12+50, E14+75 12.OK 
N12+25, E14+75 11.9K 
N12+00, E14+75 11.4K 

N10+50, E14+75 9.4K 
N10+25, E14+75 8.9K 
N10+00, E14+75 8.9K 
N9+75, E14+75 8.7K 
N9+50, E l  4+75 9.OK 

N12+75, E15+00 12.8K 
N12+50, E15+00 12.1K 
N12+25. E15+00 11.8K 
N12+00. E15+00 11.1K 

10.8K QUALITY CONTROL 10.7K cpm N11+75 E15+00 

N10+25, E15+00 9.OK 
N10+00, E15+00 8.8K 
N9+75, E15+00 9.OK 
N9+50, E15+00 9.OK 

10.8K QUALITY CONTROL 10.7K cpm N11+75 E15+00 

N10+25, E15+00 9.OK 
N10+00, E15+00 8.8K 
N9+75, E15+00 9.OK 
N9+50, E15+00 9.OK 
N9+25. E15+00 8.1K QUALITY CONTROL 8.15K cDm 
N9+00, E15+00 8.3K 
N13+2!5, EY5+25 14.YK 
N13+00, E15+25 14.8K QUALITY CONTROL 14.6K cpm 
N12+75, E15+25 17.x 
N12+50, El5+25 15.W 
N12+25, E15+25 18.2K 
N12+00, E15+25 15.2K 
N11+75, E15+25 13.1K 
N11+50, E15+25 11.6K 

' (gross cpm) - gross counts per minute, includes background 



AREA 
SURVEYED 

WMU #4 

SURVEY 
LOCATION OBSERVED GAMMA 

COORDINATE (gross - cprn)' COMMENTS 

N11+25 E15+25 10.8K 

N9+75, E15+25 9.5K 
N9+50, E15+25 
N9+25, E15+25 
N9+00, E15+25 

9.3K 
9.5K 
9.3K 

(gross cpm) - gross counts per minute, includes background 



AlTACHMENT 3-B 
GAMMA WALKOVER SURVEY 

SURVEY 
AREA LOCATION OBSERVED RANGE 

SURVEYED COORDINATE (gross - cpm)' 
COMMENTS 

WMU7&30 N1240, E10+00 NIA NO SURVEY NORTH OF N12+50 
N12+00, E10+00 &1oK GRASS, GRAVEL 
N11+50, E10+00 8-1OK GRASS, GRAVEL 
N11+00, ElO+OO 8-1OK GRASS, GRAVEL 
N10+50, E10+00 8-1OK GRASS, GRAVEL, PAVEMENT 
N1 O+OO, E1 O+OO 8-10K GRAVEL 
N9+50, E10+00 
N9+00, E10+00 
N12+50, E l  0+50 
N12+00, E l  0+50 

8-12K 
NIA 
NIA 

8- 1 OK 

GRASS, GRAVEL, PAVEMENT 
NO SURVEY SOUTH OF N9+50 

NO SURVEY NORTH OF N12+50 
GRASS, CEMENT 

N11+50, E10+50 8-1% GRASS, MUD 
N11+00, E10+50 8-25K GRASS, MUD 
N10+50, E10+50 8K-1 million cprn GRASS, MUD, 1M cprn + 

N10+00, E10+50 8-12K GRASS, GRAVEL, MUD 

HOT ROCKS ON SURFACE 
(N10+53, E10+78) 

N9+50, E l  0+50 

N9+00, E l  0+50 
N12+50. E11+00 

8-120K 

NIA 
NIA 

GRASS, GRAVEL, 120K HOT SPOT" 
N9+94, E10+92 

NO SURVEY SOUTH OF N9+50 
NO SURVEY NORTH OF N12+50 

N12+00; E11+00 NIA NORM PERIMETER D ~ C H ;  SURVEVEO PRIOR 
8K-13Kcpm GRASSY-WATER IN DITCH n u  

N11+50, E11+00 8K-12Kcpm GRASSY, MUD 
N11+00, E11+OO 9K- 1% cpm GRASSY, MUD 
N10+50, E l  1 +00 8K-13Kcprn GRASSY, MUD 
N10+00, E11+00 6K- 1 3K GRAVEL ROAD 6K-9K cpm 

N9+50, E l  1+00 10K-69K cpm 
GRASSY, MUD, 

DITCH IS 41K-69K cpm I 1 OK-21 K - AVG. 
N9+70, E l  1 +5: 50K cpm 

N9+72, E l  1+12: 70Kcpm-"HOT SPOT" 

8K-13K cprn GRASSY 
N11+50, E l  1+50 8K- 12K cprn GRASSY 
N11+00, E l  1+50 9K- 1 3K cpm GRASSY 
N10+50. E11+50 1 OK- 13K cDrn GRASSY 

n n  

N10+00; E11+50 6K-124K cpm GRAVEL RD. 6K-11 K cpm 
N10+9, E l  1+97 (FLAGGED "HOT SPOT"): 124K cpm 

N10+10, Ell+%: 63Kcpm 
GRASS: 9K- 16K cprn 

N10+7, E l  1 +99: 40K cprn 
GRASSY - GRAVEL RD. 

N9+50, E l  1 +50 6K-55K cpm DITCH - 31K-55K cprn 
GRAVEL RD. 6K-11 K cpm 

GRASS - 10K-16Kcprn 
GRASSY - DITCH - GRAVEL RD. 

N9+00, E l  1+50 NIA NO SURVEY SOUTH OF N9+50 
N12+50, E12+00 NIA NO SURVEY NORTH OF N12+50 
N12+00, E12+00 NIA NORTH PERIMETER DITCH SURVEYED PRIOR 

n c  8K-20K cprn GRASSY 
N11+50, E12+00 8K-13K cpm GRASSY 
N11+00, E12+00 8K-38K cprn 

N10+50, E l  2+00 9K-13K cpm 

GRASS - 8K-13K cpm 
N11+4, E12+18 (FLAGGED "HOT SPOT"), 38K cprn 

GRASSY 
GRASSY 

'(gross cpm) - gross counts per minute, includes background 



SURVEY 
AREA LOCATION OBSERVED RANGE 

SURVEYED COORDINATE (gross - cpm)' 
COMMENTS 

WMU 7 & 30 7K- 177K cpm GRAVEL ROAD - 7K-13K cpm N1 O+OO, E l  2+00 

DITCH - 30K-55K cpm 
GRASSY - GRAVEL RD. - DITCH 

N9+00, E12+00 NIA NO SURVEY SOUTH OF N9+50 
N12+50, E12+50 NIA NO SURVEY NORTH OF N12+50 
N12+00, E12+50 NIA NORTH PERIMETER DITCH SURVEYED PRIOR 

N9+95, E12+94: 35K cpm 
N9+98, E12+76 TO 12+80 (LINE): 35K-37K cpm 

N11+00, E13+00 
N10+50, E13+00 
N10+00, E13+00 
N9+50. E13+00 

10-15K 
10-15K 
10-15K 
8-35K 

GRASS, MUD 
GRASS, MUD 
GRASS, MUD 

GRASS 
a n  30-60K GRAVEL ROAD: HOT SPOT N9+70, E13+8: 60K cprn 
.n 8-2OU MUD 

N9+00, E13+00 NIA NO SURVEY SOUTH OF N9+50 
N12+50, E13+50 NIA 
N12+00, E13+50 SURVEYED PRIOR GRASS 

PATROL RD #2 NO SURVEY NORTH OF N12+50 

I n  10-15K GRASS 
N l  1 +50, E l  3+50 10-25K GRASS 
N11 +OO, E l  3+50 10-15K GRASS 
N10+50, E l  3+50 10-25K GRASS, MUD 
N10+00, E13+50 8-45K GRASS, GRAVEL, MUD 

N12+00, E14+00 -- 
N11+50, E14+00 10-93K HOT SPOT N11+75, E14+50: 93K cpm 
N11+00, E14+00 14-40K HOT SPOT N11+38, E14+42: 40K cpm 

GRASS n n  10-23K 

N9+85, E14+49: 40K cpm 
N9+95, E14+43: 51K cpm 
N10+00, E14+40: 52Kcpm 

N9+80, E14+5 GREEN SALTS: 575K cpm 
FLAGGED "HOT SPOT" 
N9+90, El 4+3: 1 18K cpm 

'(gross cpm) - gross counts per minute, includes background 



SURVEY 
AREA LOCATION OBSERVED RANGE 

SURVEYED COORDINATE (gross - cprn)' 
COMMENTS 

WMU 7 & 30 

n n  15-llOK HOTSPOTN12+1, E14+74: 110Kcpm 
N11+50, E14+50 10-160K HOT SPOT N11+95, E14+55 (NOT FLAGGED); 160K cpm 

. .  

N9+50, E14+50 28- 120K N9+91 E14+52: 120K cpm 

N9+00, E14+50 NIA NO SURVEY SOUTH OF N9+50 
N12+50. E15+00 NIA NO SURVEY NORTH OF N12+50 
N12+00, E15+00 NORTH PERIMETER DITCH SURVEYED PRIOR 

n n  12-90K GRASS - N12+4, E-15+10: 90K cpm 

N11+50, E15+00 20-240K GRASS - N11+75, E15+1: 240K cpm 

N9+50, E15+00 25-400K GRASS, GRAVEL 

N9+00, E15+00 NIA NO SURVEY SOUTH OF N9+50 
N12+50, E l  5+50 NIA 

N9+90, El5+35: 400K cpm 

NO SURVEY NORTH OF N12+50, PATROL RD #2 

N10+50, E15+50 14-290K N10+59, E15+65: 290K cpm 

N10+00, E15+50 15-375K N10+76, E15+85; 375K cpm 
GRASS, GRAVEL 

GRASS _ _ _  

N9+50, E15+50 15-!%OK N9+75, E15+99: 950K cpm 

N9+00, E15+50 NIA NO SURVEY SOUTH OF N9+50 
N-12+50, E-16+00 NIA 

GRASS, MUD 

NO SURVEY NORTH OF N12+50 (PATROL RD #2) 

N12+00, E16+00 
12-16K n n  

N11+50, E16+00 16-180K 
N11+00, E16+00 14-560K 

N12+00. E l  6+50 14-55K HOT SPOT N12+1, E16+75: 55K cpm 
HOT SPOT N11+65, E16+76: 330K cpm 

OXIDES HOT SPOT N11+30, E16+70: 220K cpm 
N11+50, E16+50 14-330K 
N11 +OO, E l  6+50 16-220K 

NORTH PERIMETER DITCH: SURVEYED PRIOR 
GRASS 

N11+75, E16+42: 180Kcpm 
N11+40. E16+45: 560K cDm 

'(gross cpm) - gross counts per minute, includes background 



AREA 
SURVEYED 

WMU 7 & 30 

SURVEY 
LOCATION OBSERVED RANGE 

COORDINATE (gross - cpm)' 
COMMENTS 

N10+50. E l  6+50 15-570K 
N1 O+OO, E l  6+50 15-330K 

OXIDES HOT SPOT N10+98, E16+68: 570K cpm 
OXIDES HOT SPOT N10+47, El  6+60: 330K cpm 

18-50K GRASS - N12+48, E17+45: 50k cpm n n  

N11+50, E17+00 20-750K 

N11+00. E17+00 18-850K 

GRASS - N11+54, E l  1+49: 750K cpm 

GRASS - N11+47. E17+2: 850K cDm 

N9+50, E l  7+00 25-900K 

N10+18, E17+18: 330Kcpm 

GRASS, MUD 
OXIDES ON SURFACE 

N9+85, E17+35: 900K cpm 

N9+OO, E17+00 NIA NO SURVEY SOUTH OF N9+50 
N12+50, E17+50 NIA NO SURVEY NORTH OF N12+50 
N12+00, E17+50 SURVEYED PRIOR 

14-80K cpm GRASS I N12+00, E1 7+99: 80K cpm n n  

N11+50. E l  7+50 30-860K GRASS - OXIDES ON SURFACE 
N11+51, E17+70: 860Kcpm 

N11+00, E17+50 18K-1.3 million cpm GRASS, GRAVEL - OXIDES ON SURFACE 

GRASS, MUD, GRAVEL 
N10+00. E17+50 10-140K GRAVEL, GRASS, RUBBLE 

N10+30, E17+56: 140Kcpm 

N9+50. E17+50 18K-1.7 million cDm OXIDES ON SURFACE - r  - - -, - - - 
N9+77, E17+51: 1.7M cpm 

N9+00, El 7+50 NIA NO SURVEY SOUTH OF N9+50 
N12+50, E18+00 NIA NO SURVEY NORTH OF N12+50 
N12+00, E l  8+00 1!5-810)( OXIDES N12+2, E18+49: 810Kcpm 

15-890K OXIDES N11+75, E18+15: 890K cpm N11+50. E18+00 
N11+00, E18+00 15-240K 
N10+50, E l  8+00 15-35K 
N10+00, E18+00 16-500K 

OXIDES N11+45, E18+15: 240Kcpm 
OXIDES N10+75, El8+35: 350Kcpm 
OXIDES N10+49, E18+35: 500K cpm 

EMPTYTANKS I TANKTOPS 

N11+98, E18+80: 1.1Mcpm N11+50, E l  8+50 16K-1.1 m 
N11+00, E18+50 14-1 OOK 
N10+50, E l  8+50 13-200K 
N1 O+OO, E l  8+50 16-150K 

N11+49, E18+62: 100Kcpm 
N10+75, E l  8+80: 200K cpm 

NOTE: THE SHINE EMllTED FROM BARREL PILE 

'(gross cpm) - gross counts per minute, includes background 



SURVEY 
AREA LOCATION OBSERVED RANGE 

SURVEYED COORDINATE (gross - cprn)' 
COMMENTS 

WMU 7 & 30 MADE DETERMINING ACTUAL GROUND 
CONTAMINATION AN IMPOSSIBILITY. 

N9+50, E18+50 16-83K N9+75, E l  8+63 83K cpm 
N9+00, E18+50 NIA NO SURVEY SOUTH OF N9+50 
N12+50, E19+00 NIA NO SURVEY NORTH OF N12+50 
N12+00, E19+00 NORTH PERIMETER DITCH - SURVEYED PRIOR 

15-43K n n  

N11+50, E19+00 20-1 10K 

N11+00, E19+00 12-45K 

GRASS I N12+4, E l  9+12: 43K cpm 

N11+65, E19+10: 110Kcpm 

GRASS. MUD. GRAVEL 
I *  15-19K N11+15, E19+W: 45Kcpm 

n n  15-17OK GRASS, GRAVEL, MUD N10+8!5, E19+25: 170K cpm 
NlO+OO, E19+00 NIA CRUSHED DRUM MOUND 
N9+50, E19+00 - NO GAMMA RANGE GIVEN DUE TO EXCESSIVE 

N 10+50, E l  9+00 15-1 9K 

N9+00, E l  9+00 
N12+50, E19+50 
N12+00, E19+50 

n n  

NIA 
NIA 

15-20K 

SHINE FROM CRUSHED BARREL PILE 
NO SURVEY SOUTH N9+50 

NO SURVEY NORTH OF N12+50 

GRASS 
NORTH PERIMETER DITCH - SURVEYED PRIOR 

_ _  
N11+50, E l  9+50 18-22OK GRASS/ N11+70, E19+55: 220Kcpm 
N11+00, E19+50 18-35K GRASS, MUD, GRAVEL 

N10+50, E19+50 - NO GAMMA RANGE GIVEN DUE TO EXCESSIVE 
a n  18-21 K N11+48, E19+85: 35K cpm 

SHINE FROM CRUSHED BARREL PILE. 
N10+00, E19+50 
N9+50, E19+50 

NIA 
- 

CRUSHED DRUM MOUND 

SHINE FROM CRUSHED BARREL PILE. 
NO GAMMA RANGE GIVEN DUE TO EXCESSIVE 

N9+00, E l  9+50 NIA NO SURVEY SOUTH OF N9+50 
N12+50, E20+00 NIA 
N12+00, E20+00 15-1 15K N 12+2, E20+47: 11 5K cpm 
N11+50, E20+DO 15-125K N11+70, E20+15: 125K cpm 
N11+00, E20+00 36-2WK N11+20, E20+25: 26OK cpm 
N10+50, E20+00 NIA NOTE: EXCESSIVE SHINE 
N10+00, E20+00 NIA CRUSHED DRUM MOUND 

NO SURVEY NORTH OF N12+50 (PATROL RD #2) 

N9+50, E20+00 
N9+00, E20+00 
N12+50, E20+50 

NIA 
NIA 
NIA 

NOTE: EXCESSIVE SHINE 
NO SURVEY SOUTH OF N9+50 
NO SURVEY NORTH OF N12+50 

N12+00, E20+50 NORTH PERIMETER DITCH - SURVEYED PRIOR 

N9+50, E20+50 NIA NOTE: EXCESSIVE SHINE 
N9+00, E20+50 
N12+50, E21 +00 
N12+00, E21+00 

NIA 
NIA 

NO SURVEY SOUTH OF N9+50 
NO SURVEY NORTH OF N12+50 

NORTH PERIMETER DITCH-SURVEYED PRIOR 
30- 1 20K GRASS, MUD - N12+15, E21+46: 120K cpm n n  

N11+50, E21+00 18-2OOK GRASS, GRAVEL, MUD 
N11+70, E21 +45: 2OOK cpm 

N11+00, E21+00 18-167K GRASS, GRAVEL, MUD 
N11+49, E21+48: 167K cpm 

'(gross cpm) - gross counts per minute, includes background 



SURVEY 
AREA LOCATION OBSERVED RANGE 

SURVEYED COORDINATE (gross - cprn)' 

WMU 7 & 30 N10+50, E21 +00 18-530K 

COMMENTS 

OXIDES ON SURFACE 
GRASS, GRAVEL - N10+59, E21+00: 530K cpm 

N10+00, E21+00 18-76OK OXlDES ON SURFACE 
GRASS, GRAVEL - N10+49, E21+1: 760K cpm 

GRASS, MUD, GRAVEL - N9+95, E21+10: lOOK cpm N9+50, E21+00 20- 1 OOK 

N9+00, E21+00 NIA NO SURVEY SOUTH OF N9+50 
N12+50, E21+50 NIA 
N12+00, E21+50 

16-4OOK 
N11+50. E21+50 30-31 5K 

n n  

NO SURVEY NORTH OF N12+50 
NORTH PERIMETER DITCH: SURVEYED PRIOR 

N 12+2, E21 +53: 400K cprn 
N11+90, E21+51: 315Kcpm 

N11 +OO, E21 +50 30-12OK N11+30, E12+51: 120~cprn 
N10+50, E21+50 15-18K SURVEYED AREA WEST OF FENCE 
N10+00. E21+50 15-22K SURVWED AREA WEST OF FENCE 
N9+50, E21+50 
N9+00, E2140 NIA NO SURVEY SOUTH OF N9+50 

NIA NO SURVEY DUET0 EXCESSIVE SHINE FROM DRUM MOUND 

'(gross cpm) - gross counts per minute, includes background 



ATTACHMENT 3-B GAMMA MEASUREMENTS 

SURVEY GAMMA 
AREA SURVEYED LOCATION SHIELDED 

COORDINATE SIDE (cpm-gross)' 

WMU #2 & 3 
DITCHES 

COMMENTS 

-0- NORTH 15K SPA-3 WITH CONESHIELD 
25W CENTER 23K 
50W SOUTH 17K 
75w CENTER 18K 
looW NORTH 16K 
125w CENTER 21 K 
150W SOUTH 18K 
175w CENTER 30K 
200w NORTH 32K 
225W CENTER 25K 
wow SOUTH 16K 
275W CENTER 20K 
3oow NORTH 19K 
325W CENTER 25K 

35ow SOUTH 17K 
375w CENTER 27K 
400W NORTH 44K 
425w CENTER 48K 
450W SOUTH 18K 
4 w w  CENTER 52K 
50OW NORTH 32K 
525W CENTER 104K 
sow SOUTH 19K 
575w CENTER 104K 
600W NORTH 20K 
625W CENTER 30K 
650w SOUTH 1 9K 
675W CENTER 32K 

70OW NORTH 21 K 
725w CENTER 35K 
750W SOUTH 25K 
775w CENTER 25K 
80OW NORTH 22K 
825W CENTER 41 K 
85ow SOUTH 26K 
875W CENTER 48K 
9oow NORTH 23K 
925W CENTER 56K 
95ow SOUTH 26K 
975w CENTER 48K 
1 ooow NORTH 25K 
1025W CENTER 56K 

105ow SOUTH 28K 
1075W CENTER 57K 
1 1 oow NORTH 22K ROAD 

'gross cpm-counts per minute includes background. 



SURVEY GAMMA 
AREA SURVEYED LOCATION SHIELDED 

COORDINATE SIDE (cpm-Qross)' 

COMMENTS 

NMU #2&3 
DITCHES 

1125W CENTER 26K CULVERT 

1275W CENTER 85K 
1300W NORTH 24K 
1325W CENTER 84K 
1 sow SOUTH 24K 
1375w CENTER 92K 

1500W NORTH 20K 
1525W CENTER 78K 
1550W SOUTH 17K 
1575W CENTER 48K 
1600W NORTH 1 6K 
1625W CENTER 12K ROAD 
1 &OW SOUTH 11K ROAD 
1675W CENTER 20K FENCE 

'gross cpm-counts per minute includes background. 



AlTACHMENT 3-B 
GAMMA WALKOVER SURVEY 

SURVEY 
AREA LOCATION OBSERVED RANGE 

SURVEYED COORDINATE (gross - cprn)' 
COMMENTS 

DITCH SOUTH OF 
WMU 7 & 30 

N9+OO, E l  O+OO 6-8K cpm SCANNED BOTH SIDES OF PA?I?OL ROAD NO ELEVATED 
AREAS DETECTED WEST OF ROAD 

OPENING IN CULVERT (NO ELEVATED RDGS) 
UNDERGROUND CULVERT / 8ULK HEAD (CONCRETE) 

N9+00 E10+50 10-20K cDm ELEVATED COUNT RATES APPEAR IN DITCH BOTTOM 81 - 1/2 __,_ - - _  
20-40K cpm 
8- 1 OK cpm 

NORTH BANK, NO ELEVATED AREAS FOUND ON SOUTH BANK 
FUR TRACKS / BULK HEAD (CONCRETE) 

20-35K cpm 
A- 1 2K cnm FUR TRACKS - .---- r... 

N9+DO. El2+00 10-2OK cpm 
20-35K cprn 
8-12K CW 

N9+00. El 2+50 12-20K cpm 
WR TRACKS J CULVERT UNDER TRACKS 

20-35K cpm 
8-1 2K cDm FUR TRACKS / CULVERT UNDER TRACKS 

N9+00, E1340 12-20~ Epm 
20-4OKcpm 
8-1 2K cpm Ft/R TRACKS 

N9+00, E l  3+50 12-25k cpm 
25-40K cpm 
8-1 2K cpm FUR TRACKS 

20-35K cpm 
A- 12K cnm FUR TRACKS - .-.-- 

N9+00, E1540 12-25K &m RIRTRACKS I FENCE 
25-40K cpm 
8-1 x cpm 

DITCH RUNS UNDER FENCE @ -E1510 
NO SURVEY PERFORMED BEYOND FENCE 

* (gross cpm) - gross counts per minute, includes background 



Attachment 3-C 
G.M. MEASUREMENTS 



ATTACHMENT 3-C - G.M. MEASUREMENTS 

SURVEY 

COORDINATE 
... kASURVEYED LOCATION 

WMU $1 
BKG TAKEN IN 
CENTER OF 
4TH STREET 
BKG = 60 cpm 

BETA-GAMMA BETA-GAMMA 
UNSHIELDED SHIELDED 
(cpm-gross) (cpm-gross) 

COMMENTS 

N8+75, E10+25 43 32 WR TRACKS (GRAVEL) 
N9+25, E10+25 
N9+75, E l  0+25 
N10+25, E10+25 
N - 10+27. E- 10+17 

62 45 
55 57 
75 73 
228 198 HOT SPOT I SPA 3: 2OOKcpm 

N8+50, E l  0+50 50 46 
N9+00, E l  0+50 
N9+50, E l  0+50 
N10+00, E10+50 
N10+33, E10+40 

75 56 
64 53 
63 64 
566 595 HOT SPOT I SPA 3: 300Kcpm 

N10+50, E l  O+50 67 55 
N&25, El 0+75 93 63 
N8+75, E10+75 68 70 
N9+25, E l  0+75 60 56 
N9+75, El0+75 73 56 
N10+25. E10+75 68 46 
N10+44; E10+70 
N8+00, E l  1+00 
N8+50, E l  1+00 
N9+00, E l  1 +00 

501 342 
56 39 
72 47 
58 54 

HOT SPOT I SPA 3: 16OKcpm 

N9+50, E l  1+OO 50 35 
N10+00, Ell+OO 59 44 
N10+50, E l  1 +00 62 48 
N8+25, El 1+25 47 34 
N8+75, €1 1+25 54 50 
N9+25, E l  1+25 55 48 
N9+75, E l  1+25 
N10+25, E11+25 
N8+00, E l  1 +50 
N8+50. E l  1+50 

51 41 
56 49 
44 35 
49 35 . - - - . - - - _ _  

N9+00, El 1+50 45 31 
N9+50. E l  1+50 41 38 
N10+00. E11+50 54 47 
N10+30, El1+60 198 89 HOT SPOT I SPA 3: 1 OOKcpm 
N10+50, E l  1+50 46 28 
N8+25, E l  1 +75 43 37 
N8+75, E l  1 +75 
N9+25, E l  1+75 
N9+75, E l  1+75 
N10+25. E11+75 

44 39 
60 33 
59 38 
53 41 

N10+35. €11+70 196 110 HOT SPOT 1 SPA 3: 1 OOKcpm 
N10+35, El 1+75 162 114 HOT SPOT I SPA 3: 100Kcpm 
Nl0+35, E11+77 133 102 HOT SPOT 1 SPA 3: lOOKcpm 
N8+00, €12+00 33 43 
N8+50, E12+00 52 41 
N9+00. E12+00 52 46 
N9+50, E l  2+00 
N1 O+OO, E l  2+00 
N10+35, E11+90 

57 35 
48 35 
171 93 HOT SPOT / SPA 3: 1 OOKcpm 



SURVEY 

COORDINATE 
AREA SURVEYED LOCATION 

BETA-GAMMA BETA-GAMMA 
UNSHIELDED SHIELDED 
(cpm-gross) (cpm-gross) 

COMMENTS 

WMU #1 N10+35, El 1+98 1 fi5 
BKG TAKEN IN N10+34, E12+# 
CENTER OF N10+50, E l 2 4 0  
4TH STREET 
BKG = 60 cprn 

BKG TAKEN IN N8+25, El2+25 
CENTER OF N8+75, El2+25 
4TH STREET N9+25, El2+25 
BKG = 52 cDrn N9+75. E12+25 

48 30 
66 47 
70 43 
51 43 .- 

N10+%, El2+25 43 42 
N10+34, E12+23 1042 748 HOT SPOT / SPA 3: 8M)Kcprn 
N10+36, E12+25 1228 1 030 HOT SPOT / SPA 3: lmill,+cpm 
N10+50, E12+25 825 706 HOT SPOT I SPA 3: 400Kcprn 

N8+00, E12+50 43 33 
N8+50, E12+50 39 34 
N9+00, E12+50 
N9+50, E12+50 
N9+79, E12+47 
N10+00, E12+50 

44 32 
51 28 

3989 393 
55 36 

HOT SPOT / SPA 3: 230Kcprn 

N10+36. El 2+45 659 41 7 HOT SPOT / SPA 3: 350Kcpm 
N10+34. El 2+47 983 539 HOT SPOT / SPA 3: 450Kcprn 
N10+34, E12+5O 579 41 2 HOT SPOT / SPA 3: 400Kcprn 
N 10+50, El 2+5O 57 46 
N10+48, E12+47 11712 7535 HOT SPOT /4mill.+cpm 
N8+25, E l  2+75 43 38 
N8+75, E21 +75 
N9+25, E l  2+75 
N9+56, E12+70 
N9+75, E l  2+75 

48 33 
115 46 
395 123 HOT SPOT / SPA 3: 102Kcprn 
41 36 

N10+25, E12+75 79 53 
N10+36, El 2+65 366 332 HOT SPOT J SPA 3: 270Kcprn 
NlO+42, El 2+65 340 225 HOT SPOT I SPA 3: 178Kcprn 
N 10+48, El 2+69 327 198 HOT SPOT / SPA 3: 340K cprn 
N8+00, El 3+00 52 45 
N8+50, E13+00 48 40 
N9+00, E13+00 37 32 
N9+50, El 3+00 62 27 
N9+64, E l  3+09 433 155 HOT SPOT / SPA 3: 124Kcprn 
N9+64, E13+14 927 296 HOT SPOT / SPA 3: 203Kcpm 

BKG TAKEN IN 
CENTER OF 
4TH STREET 
BKG = 52 cprn N10+25, E l  3+25 63 39 

N10+50, E l  3+38 792 715 HOT SPOT / SPA 3: 441 Kcprn 
N8+00, E13+50 46 41 

N8+75, E l  3+75 42 36 
N9+25, E l  3+75 
N9+75, E l  3+75 
N10+25, El 3+75 

43 26 
60 51 
41 36 



SURVEY 

COORDINATE 
AREA SURVEYED LOCATION 

BETA-GAMMA BETA-GAMMA 
UNSHIELDED SHIELDED 
(cpm-gross) (cpm-gross) 

COMMENTS 

N8+50, E14+00 39 40 WMU #1 
'G TAKEN IN N9+00. E14+W) 46 34 
H STREET N9+50, E 1 4 0 0  44 37 

N10+50, El4+OO 41 33 
= 52 cpm N10+00, E14+00 60 36 

N8+75, E14+25 50 31 
N9+25, El4+25 38 38 
N9+75. El4+25 39 42 
N10+25, E14+25 71 42 

N9+00, E14+50 50 41 

N10+00, E14+50 42 48 
N10+50, E14+50 43 27 
N8+75, E14+75 67 26 

N8+50, E14+50 29 39 

N9+50, E14+50 56 43 

N9+25. E14+75 42 35 
N9+75, E14+75 53 43 
N10+25, E14+75 64 58 
N9+00. E15+00 75 46 
N9+50, E15+00 45 37 
N10+00, E15+00 37 29 
N10+25, E15+03 265 110 HOT SPOT / SPA 3: 175Kcpm 

N10+33, E9+86 
N10+51, E12+68 1006 884 HOT SPOT / SPA 3: 650Kcpm 

N10+51, E14+14 98 96 HOT SPOT / SPA 3: 121 Kcpm 



AlTACHMENT 3-C G.M. MEASUREMENTS 

AREA SURVEYED 

WMU #4 
BKG TAKEN IN 

CENTER OF 
4TH STREET 

= 60 cpm 

BKG TAKEN IN 
CENTER OF 
4TH STREET 

= 55 cpm 

SURVEY BETA-GAMMA BETA-GAMMA 
LOCATION U NSHl ELDED SHIELDED 

COORDINATE (cpm-gross) (cpm-gross) 

COMMENTS 

N9+25, E9+25' 65 62 * E9+37 OFFSET -1 2' EAST, 
N9+75. E9+25" 85 37 CENTER OF DITCH 
N10+25, E9+25* * 1 24 52 
N10*75, E9+25" 103 53 
N11+25. E9+25" 81 50 
N11+75, E9+25" 226 62 
N12+25, E9+25" 172 43 
N12+75, E9+25" 119 56 
N13+25, E9+25" 160 49 

N9+00. E9+50 67 24 * E9+42 OFFSET r*r 17' EAST, 
N9+50, E9+50 92 41 CENTER OF DITCH 
N 1 O+OO, E9+50 58 30 
N1 h50, €9+50 47 39 
N11 +OO, E9+50 74 53 
N11+50, E9+50 59 44 
N12+00, E9+50 
N12+50, E9+50 
N13+00, E9+50 
N13+50. E9+50 

62 43 
64 42 
56 45 
90 41 _ _  

N9+25, k + 7 5  54 38 
N9+75, E9+75 63 32 
N10+25, E9+75 47 43 
N10+75, E9+75 48 40 
N11t25, E s t 5  42 40 
N11+75, E9+75 54 48 
N12+25, E9+75 
N12+75, E9+75 
N13+25, E9+75 
N9+00, E l  O+OO 

59 46 
48 46 
73 32 
37 35 

N9+50, E10+00 118 46 
N10+00. E10+00 64 34 
N10+50, El O+OO 56 45 
N11+00, ElO+00 45 44 
N11+50, ElO+OO 57 49 
N12+00, E10+00 54 39 
N12+50, E l  O+OO 
N13+00, E l  O+OO 
N13+50, E l  O+OO 

64 41 
47 46 
56 44 

N9+25, E10+25 54 43 
N9+75, E10+25 46 45 
N10+25, E10+25 52 47 
N10*75, E l h 2 5  37 41 
N11+25, El 0+25 40 46 Q.C. (SHIELDED) 47cpm 
N11+75, E10+25 53 37 
N12+25, E10+25 
N12+75, E10+25 
N13+25, E10+25 
N9+00. E10+50 

54 51 
47 44 
58 56 
57 43 

N12+00, E10+50 56 40 
N12+50, E10+50 47 39 
N13+00, E l  0+50 58 49 

' (gross cpm) - gross counts per minute, includes background 



COMMENTS 
AREA SURVEYED 

WMU #4 
RKG TAKEN IN 

'NTER OF 
,-i STREET 
= 55 cpm 

BKG TAKEN IN 
CENTER OF 
4TH STREET 

=51 CPM 

SURVEY BETA-GAMMA BETA-GAMMA 
LOCATION UNSHIELDED SHIELDED 

COORDINATE (cpm-gross) (cpm-gross) 

N11+75, E10+75 63 39 Q.C. (SHIELDED) 42cpm 
N12+25, E10+75 48 47 
N12+75, E10+75 43 50 
N13+25, E10+75 57 46 

N12+00, E11+00 47 41 Q.C. (SHIELDED) 38cpm 

N13+00, E11+00 53 48 
N12+50, E l  1 +00 39 41 

N12+25, E10+75 48 47 
N12+75, E10+75 43 50 
N13+25, E10+75 57 46 

N12+00, E11+00 47 41 Q.C. (SHIELDED) 38cpm 

N13+00, E11+00 53 48 
N12+50, E l  1 +00 39 41 

N13+50, E11+00 65 57 

N12+25, E11+25 56 44 Q.C. (SHIELDED) 46cpm 
N12+75, E11+25 57 45 
N13+25, E11+25 52 46 

N9+00, El 1 +50 52 29 
N9+50, El 1 +50 43 43 
N10+00, El 1+50 72 38 
N10+50, E11+5O 54 42 
N11+00, E11+50 41 26 Q.C. (SHIELDED) 39cpm 
N11+50. E11+50 72 47 
N12+00; E11+50 
N12+50, E11+50 
N13+00, E11+50 
N13+50. E l  1 +50 

71 34 
46 49 
60 42 
125 48 Q.C. (SHIELDED) 43cpm 

N9+25, El 1 +75 63 41 
N9+75, El 1+75 53 43 
N10+25, El 1+?5 39 31 
N10+75, El 1 +75 55 39 
N11+25. E11+7!5 69 50 
N11+75, E11+75 49 37 Q.C. (SHIELDED) 33cpm 
N12+25, E11+75 38 38 
N12+75, E11+75 61 34 
N13+25, E11+75 50 4% 
N9+00, E l  2+00 57 41 

38 Q.C. (SHIELDED) 38cpm N12+00, E l  2+00 50 
N12+50, E12+00 42 37 
N13+00, E12+00 53 46 
N13+50, E12+00 111 47 
N9+25. E12+25 63 52 
N9+75, E12+25 49 42 Q.C. (SHIELDED) 3lcpm 
N10+25, El2+25 52 38 

' (gross cpm) - gross counts per minute, includes background 



AREA SURVWED 
SURVEY BETA-GAMMA BETA-GAMMA 

LOCATION UNSHIELDED SHIELDED 
COORDINATE (cpm-gross) (cpm-gross) 

COMMENTS 

WMU #4 
BKG TAKEN IN 

CENTER OF 
4TH STREET 

= 51 cpm 

BKG TAKEN IN 
CENTER OF 
6TH STREET 

= 57 CPM 

N10+75, El2+25 47 42 
N11+25, El2+25 54 38 
N11+75, El2+25 57 35 
N12+25, E12+25 53 32 Q.C. (SHIELDED) 48cpm 
N12+75, E12+25 
N13+25, E12+25 

49 30 
74 42 

N9+00, E12+50 
N9+50, E l  2+50 

43 34 
76 34 

N10+00, E12+50 60 36 
N10+50. E12+50 45 41 
N11+00, El2+50 70 49 Q.C. (SHIELDED) 44cpm 
Nll+50. El 2+50 50 42 
N12+00, E12+50 45 43 
N12+50, E l  2+50 43 37 
N13+00, E12+50 61 47 
N13+50. E12+50 122 36 
N9+25, E l  2+75 59 39 
N9+75, E l  2+75 46 38 
N1 O+W, El 2+75 49 44 
N10+75. E12+75 54 47 
N11+25, El 2+75 60 44 Q.C. (SHIELDED) 48cpm 
N11+75, El 2+75 39 61 
N12+25, E12+75 43 39 
N12+75, E l  2+75 49 38 
N13+25, E12+75 45 49 
N9+00, E l  3+00 60 47 
N9+50, E l  3+00 76 33 
N10+00. E13+00 53 39 

Q.C. (SHIELDED) 46cpm 

Q.C. (SHIELDED) 4lcpm 

N10+50, E13+00 52 37 
N11 +OO, El SO0 50 29 
N11+50, El 3+00 53 46 Q.C. (SHIELDED) 42cpm 
N12+00, E13+00 51 44 
N12+50, E13+00 53 38 
N13+00, E l  3+00 67 51 
N13+50, E l  3+00 101 44 
N9+25. E13+25 79 41 Q.C. (SHIELDED) 35cpm 
N9+75, E13+25 55 41 
N10+25, E13+25 56 28 

N13+25, E l  3+25 44 43 
N9+00, E13+50 
N9+50, E13+50 
N10+00, E13+50 
N10+50. E l  3+50 

77 51 
52 37 
62 43 
49 36 

Q.C. (SHIELDED) 36cpm 

Nll+OO. E13+50 42 38 
N11+50, El 3+50 61 31 
N12+00, El 3+50 52 37 Q.C. (SHIELDED) 54cprn 
N12+50, E13+50 60 50 
N13+00, E13+50 67 35 
N13+50, E1 3+50 112 43 

' (gross cpm) - gross counts per minute, includes background 



AREA SURVEYED 

WMU #4 
"G TAKEN IN 

iNTER OF 
c) fH STREET 

= 57 cpm 

BKG TAKEN IN 
CENTER OF 
6TH STREET 

= 59 CPM 

SURVEY BETA-GAMMA BETA-GAMMA 
LOCAllON UNSHIELDED SHIELDED 

COORDINATE (cpm-gross) (cpm-gross) 

COMMENTS 

N9+25 E13+75 57 46 

N12+75, El3+75 
N13+25, E13+75 
N9+00, E14+00 

58 46 
50 49 
51 29 

N9+50. E14+00 74 38 

N12+50, E14+00 56 33 Q.C. (SHIELDED 
N13+00, E14+00 48 47 
N13+50. E14+00 137 55 

N9+25, E14+25 66 46 

N12+25, E14+25 53 41 
N12+75, E14+25 
N13+25, E14+25 
N9+00, E14+50 

57 40 
57 38 
54 29 Q.C. (SHIELDED) 3lcpm 

N9+50, E14+50 68 37 

N13+00, E14+50 52 37 
N13+50, E14+50 117 48 
N9+25, E14+75 61 31 Q.C. (SHIELDED) 40cpm 

N12+75, E14+75 52 40 
N13+25, E14+75 
N9+00, E15+00 
N9+50, E15+00 

58 55 
59 43 
80 31 Q.C. (SHIELDED) 40cpm 

N10+00, E15+00 43 47 
N10+50, El 5+00 44 32 
Nll+OO, E15+00 45 35 
N11+50, E15+00 64 42 
N12+00. E15+00 68 42 Q.C. (SHIELDED) 32cpm 
N12+50, E15+00 56 28 
N13+00, E15+00 
N13+50, E l  5+00 

30 38 
111 40 

* (gross cpm) - gross counts per minute, includes background 



AREA SURVEYED 

WMU #4 
BKG TAKEN IN 
CENTER OF 
6TH STREET 

= 59 cpm 

NORTH DITCH AT 
WMU #4 

BKG TAKEN IN 
CENTER OF 
4TH STREET 

E 61 cpm 

SURVEY BETA-GAMMA BETA-GAMMA 
LOCATION UNSHIELDED SHIELDED 

COORDINATE (cpm-gross) (cpm-gross) 

COMMENTS 

N9+2!5. E15+25 94 45 . - -- , - - __ - 
N9*75, E15+25 56 41 Q.C. (SHIELDED) 38cpm 
N10+25, El%= 109 43 
N1 Oi75, El 5+25 99 52 
N11+25, E15+25 75 43 
N11+75, E15+25 113 53 
N2+25, E15+25 140 42 Q.C. (SHIELDED) 58cpm 
N12+75, E15+25 
N13+25, E15+25 

83 47 
71 41 - N 1 3+40. E9+75 86 49 BOlTOM OF DITCH 

-N13+40, E12+75 191 45 BOTTOM OF DITCH 
-N13+40, E13+25 103 50 
-N13+40, E13+75 162 60 
-N13+40, E14+25 155 60 

BO'TTOM OF DITCH 
BOTTOM OF DITCH 
BOTTOM OF DITCH 

-N13+40, E14+75 C. 1 116 59 BOTTOM OF DITCH Q.C. (UNSHIELDED) 115cpm 

(gross cpm) - gross counts per minute, includes background 



AlTACHMENT 3-C G.M. MEASUREMENTS 

SURVEY BETA-GAMMA BETA-GAMMA COMMENTS 
hr CA SURVEYED LOCATION UNSHIELDED SHIELDED 

COORDINATE SIDE (cpm-gross) (cpm-gross) 

WMU #7 & 30 
SOUTH SWALE 

N9+67, E12+50 NORTH 191 48 
N9+67, E12+75 CENTER 487 75 
N9+67, E l  3+00 SOUTH 62 27 
N9+67. E13+25 CENTER 575 93 

N9+67, E12+50 NORTH 191 48 
N9+67, E12+75 CENTER 487 75 
N9+67, E l  3+00 SOUTH 62 27 
N9+67. E13+25 CENTER 575 93 - -  . -  - -- 

N9+67. E1340 NORTH 150 41 Q.C. (UNSHIELDED) 34 cpm 
N9+67, El $75 CENTER 292 45 
N9+67, E14+00 SOUTH 81 29 
N9+67, E14+25 CENTER 1742 204 
N9+67, E14+50 NORTH 1688 182 
N9+67. E14+75 CENTER 807 134 
N9+67, El5+00 SOUTH 1526 136 Q.C. (UNSHIELDED) 1562 cpm 
N9+67, E15+25 CENTER 2375 253 
N9+67, E15+50 NORTH 571 0 392 
N9+67, E15+75 CENTER 952 157 
N9+67, E16+00 SOUTH 1637 1 85 
N9+67, E l  6+25 CENTER 2860 214 Q.C. (SHIELDED) 186 cpm 
N9+67. E16+50 NORTH 2598 207 
N9+67, E16+75 CENTER 3740 359 
N9+67, E17+00 SOUTH 939 121 
N9+67, E17+25 CENTER 1055 111 
N9+67, E17+50 NORTH 19657 1972 
N9+67, E17+75 CENTER 1008 119 
N9+67, E18+00 SOUTH 197 45 
N9+67. E18+25 CENTER 1001 106 
N9+67; El 8+50 NORTH 91 0 124 Q.C. (UNSHIELDED) 883 cprn 
N9+67, E18+75 CENTER - WATER ON SURFACE 
N9+67, El 9+00 SOUTH 42 31 
N9+67, E19+W CENTER - - WATER ON SURFACE 
N9+67, E19+50 NORTH 52 43 
N9+67, E19+75 CENTER - - WATER ON SURFACE 
N9+67; E20+00 SOUTH 430 51 
N9+67, E20+25 CENTER - - 
N9+67, E20+50 NORTH 538 71 
N9+67. E20+75 CENTER - - 

WATER ON SURFACE 

WATER ON SURFACE 
N9+67, E21+00 SOUTH 345 56 

N9+67, E21 +50 NORTH 3470 376 
N9+67. E21 +W CENTER - - WATER ON SURFACE 

WMU #7 & 30 N9+75, E10+25 40 19 E. SIDE OF RD., (GRAVEL) 
BKG. taken N10+25, E10+25 37 30 E. SIDE OF RD., (GRAVEL) 
@ center of N10+75, E10+25 48 29 E. SIDE OF RD., (GRAVEL) 
Patrol Rd #1 N11+25, E10+25 42 34 E. SIDE OF RD., (GRAVEL) 

= 42 cpm N11+75, E10+25 31 34 E. SIDE OF RD., (GRAVEL) 

N10+50, E10+50 63 37 
N11+00, E10+50 55 29 
N11+50, E l  0+50 52 42 
N12+00. E10+50 49 26 Q.C. (SHIELDED) 33 cprn 

115 38 
N10+25, ElO+75 35 20 GRAVEL 
N9+75. E10+75 



SURVEY BETA-GAMMA BETA-GAMMA 
AREA SURVEYED LOCATION UNSHIELDED SHIELDED 

COORDINATE SIDE (cpm-gross) (cpm-gross) 

COMMENTS 

WMU 7 & 30 

N10+75, E10+75 76 30 I 

Nll+25, E10+75 
N11+75, E10+75 
N12+25, E10+75 
N9+50, E l  1 +00 

29 30 
50 38 
53 41 
34 41 CENTER OF FUR TRACKS 

N10+50, E l  1 +00 121 44 
N11 +OO, E l  1 +00 62 32 
N11+50. E l  1+00 63 22 
N12+00; E l  1 +00 52 32 Q.C. (SHIELDED) 26 cpm 

N9+75. E l  1+25 328 77 
N10+25, E11+25 
N10+75, E11+25 
N11+25, E11+25 
N l  1 +75, E l  1 +25 

~~ 

86 42 
81 34 
56 45 
54 30 

N12+25. El1+25 59 55 
N9+50, E l  1 +50 46 25 NORTH OF WR TRACKS 
N10+00, E11+50 125 32 Q.C. (UNSHIELDED) 142 cpm 
N10+50, E11+50 60 27 
N11+00, E11+50 54 36 
N11+50, E l  1 +50 53 30 
N12+00; E l  1 +50 
N9+75, E l  1+75 
N10+25, E11+75 
N10+75, E11+75 

70 31 
191 45 Q.C. (SHIELDED) 42 cpm 
134 30 
75 40 

N11+25, E11+75 34 42 
N11+75, E11+75 39 23 
N12+25, E11+75 66 33 
N9+50, E12+00 45 26 CENTER OF WR TRACKS 
N10+00, El2+00 36 41 
N10+09. E11+97 387 126 HOT SPOT SPA-3: 124K corn 
N10+06; E12+05 768 142 HOT SPOT SPA-3: 177K cpm 

Q.C. (UNSHIELDED) 778 cDm 
N10+50, El 2+00 51 24 
N11+00, E1240 46 51 
N11+50. E12+W 49 35 
N12+00, E l  2+00 42 28 
N9+75, E12+25 286 52 Q.C. (SHIELDED) 40 cpm 
N10+25, E l  2+25 
N10+75. E12+25 
N11+04. E12+18 
N11+25, E12+25 

64 28 
62 29 
21 3 60 HOT SPOT SPA-3: 38K cpm 
48 42 

N11+75, E12+25 47 34 
N12+25, E12+25 38 33 
N9+50, E12+50 25 26 SOUTH OF RIR TRACKS 
N10+00, E12+50 130 38 
N10+50. E12+50 56 23 Q.C. (UNSHIELDED) 50 cprn 
N11 +OO, E l  2+50 40 37 
N11+50, E12+50 
N12+00. E l  2+50 
N9+75, E l  2+75 

46 24 
49 34 
28 50 

43 34 
54 35 

N10+75, E12+75 
N11+25, E12+75 



SURVEY BETA-GAMMA BETA-GAMMA 
AREA SURVEYED LOCATION UNSHIELDED SHIELDED 

COORDINATE SIDE (cpm-gross) (cpm-gross) 

COMMENTS 

WMU #7 & 30 
‘ENTER OF 

fjKG.=42 cpm 
ROL RD. #1) 

N10+50. E13+00 92 41 Q.C. (UNSHIELDED) 90 cpm 
56 44 
63 25 

N11+00, E13+00 
N11+50, E13+00 
N12+00, E13+00 51 46 

N12+04. El3+25 782 31 3 HOT SPOT SPA-3: 140K cpm 
N12+25, E13+25 46 34 

N10+00, E13+50 146 37 
N9+50, E13+50 41 36 NORTH OF FUR TRACKS 

N9+87, E13+85 7842 786 HOT SPOT SPA-3: 360K cpm 
60 51 Q.C. (SHIELDED) 30 cpm 

40.1 63 231 8 HOT SPOT SPA-3: 45K cpm 
NlO+25, El3+75 
N10+34, E13+85 

N9+80, E14+05 142,504 13.346 OXIDES ON SURFACE 
HOT SPOT SPA-3: 575K cpm 

714 79 DITCH 
82 30 Q.C. (UNSHIELDED) 105 cprn 

N10+00, E14+00 
N10+50, E14+00 

DITCH 
N10+40, E14+40 
N10+75, E14+25 
N11+25, E14+25 
N11+38, E14+42 

866 33 1 HOT SPOT SPA-3: 200K cpm 
50 38 GRAVEL 
33 31 GRAVEL 
568 74 HOT SPOT SPA-3: 40K cpm 

N11+75, E14+25 35 36 GRAVEL 

N10+00, E14+50 284 59 
N10+50, E14+50 442 60 
N10+57, E14+50 691 96 HOT SPOT SPA-3: 31K cpm 
N11+00, E14+50 573 69 

N11+75, E14+25 35 36 GRAVEL 

N10+00, E14+50 284 59 
N10+50, E14+50 442 60 
N10+57, E14+50 691 96 HOT SPOT SPA-3: 31K cpm 
N11+00, E14+50 573 69 
N11+50, E14+50 114 44 Q.C. (SHIELDED) 42 cpm 



SURVEY BETA-GAMMA BETA-GAMMA 
AREA SURVEYED LOCATlON UNSHIELDED SHIELDED 

COORDINATE SIDE (cpm-gross) (cpm-gross) 

COMMENTS 

WMU #7 & 30 
(CENTER OF I 

PATROL RD. #1) N11+48, E14+85 5351 796 HOT SPOT SPA-3: 430K cpm 

N9+50, E15+00 
N10+00. E15+00 

36 38 
209 65 

CENTER OF FUR TRACKS 
. - - -. - - - - ~. . 

N10+19, E14+95 1396 537 HOT SPOT SPA-3: 25OK cpm 
N10+50. E15+00 809 76 Q.C. (SHIELDED) 86 cpm 
N11+00. E15+00 131 43 
N11+50, E15+00 96 34 
N12+00. E15+00 603 70 
N11+75; E15+01 8602 289 HOT SPOT SPA-3: 240K cpm 
N9+75, E15+25 8761 662 

N10+75, E15+25 246 51 
N11+25, E15+25 
N11+37, E15+19 

63 43 
16906 1390 HOT SPOT SPA-3: 500K cpm 

N9+50, E15+50 
N10+00, E15+50 
N10+50, E15+50 

60 25 
134 72 
830 141 

NORTH OF FUR TRACKS 

N11+00, E15+50 63 38 

N9+75, El5+75 2430 21 0 
N10+25. E15+75 531 123 Q.C. (UNSHIELDED) 572 cpm 
N 10+76. El 5+85 124156 13865 OXIDES ON SURFACE 

HOT SPOT SPA-3: 375K cpm 
N10+59, El!+= 17852 1248 OXIDES ON SURFACE 

HOT SPOT SPA-3: 290K cpm 
N10+75, El5+75 169 51 
N11+25, El5+75 91 35 
N11+75, E15+75 198 39 Q.C. (SHIELDED) 61 cpm 
N12+25, E15+75 94 25 
N9+50, E l  6+00 50 30 CENTER OF FUR TRACKS 

N1 O+OO, E l  6+00 96 41 
N10+50, E16+00 
N11+00, E16+00 
N11+47, E15+90 

209 50 
145 35 DITCH 
2444 51 3 HOT SPOT SPA-3: 200K cpm 

N11+50, E16+00 123 62 
I 
I 

N12+00, E16+00 78 35 
N9+75, E16+25 3256 260 



SURVEY BETA-GAMMA BETA-GAMMA 
AREA SURVEYED LOCATION U NSH I ELDED SHIELDED 

COORDINATE SIDE (cpm-gross) (cpm-gross) 

WMU #7 & 30 
'ENTER OF 

3OL RD. #I) 
dG.=42 cprn 

COMMENTS 

N10+2!5. E16+25 289 70 __. . - . - --. - . - -- 
Nlb37,  El&& 14621 4 14002 OXIDES ON SURFACE 

HOT SPOT SPA-3: 36OK cpm 
Q.C. (SHIELDED) 1391 6 cpm 

HOT SPOT SPA-3: 22OK cpm 
N10+68, E16+49 691 94 5280 OXIDES ON SURFACE 

N10+75, E16+25 107 38 
N11+25, E16+25 
N11+75, El6+25 
N11+75, E16+42 

1 05 56 
159 48 
3086 300 HOT SPOT SPA-3: 180K cprn 

N12+25. E16+25 65 43 . - . - _-. - - -- .. 

N9+50, E1 6+50 CENTER 38 25 
N10+00, E16+50 76 28 
N10+47, E16+60 157,074 17,393 HOT SPOT SPA-3: 330K cpm 
N 10+50. El 6+50 36 25 
N10+98, E16+68 151,859 16,546 HOT SPOT SPA-3: 570k cprn 
N11+00, E16+50 152 89 
N 1 1 +50, E l  6+50 
N12+00, E16+50 

141 79 
128 61 

N9+75, E16+73 2401 864 HOT SPOT SPA-3: 31 OK cpm 

N11+65, E16+76 12,340 1,175 HOT SPOT SPA-3: 330K cpm 
N11+75, E16+75 114 45 

N12+25, El6+75 117 57 
N9+50, E17+00 NORTH 42 55 

N12+01, E l  6+75 323 97 HOT SPOT SPA-3: 55K cpm 

N10+00, El7+00 91 56 

N11+50, E17+00 276 73 
N12+00, E17+00 
N9+75, E17+25 
N9+85, El7+35 
N10+25. E17+25 

278 51 
890 172 

320 67 
218,845 27,142 HOT SPOT SPA-3: 900K cprn 

N10+75, El7+25 149 62 
N11+25, El7+25 696 123 

N11+75, E17+25 432 67 
N11+54, E17+49 143,864 10,871 HOT SPOT SPA-3: 750K cpm 

N12+25. E17+25 2264 153 
N12+38, E17+45 398 111 HOT SPOT SPA-3: 50K cprn 

N9+77, E17+51 149,058 21,439 HOT SPOT SPA-3: 1.7M cprn 
N10+00, E17+50 
N10+30, E l  7+56 
N10+50, E17+50 
N11+00, E17+56 
N11+00, E17+50 
N11+41, E17+65 
N11+50, E l  7+50 
N11+51, E17+70 

126 
931 
134 
268 
89 

11 1,381 
404 

105,910 

93 
432 
57 
69 
50 

5,648 
109 

11,653 

HOT SPOT SPA-3: 140K cpm 

HOT SPOT SPA-3: 40K cpm 

HOT SPOT SPA-3: 1.3M cprn 

HOT SPOT SPA-3: 860K cpm 



SURVEY BETA-GAMMA BETA-GAMMA COMMENTS 
AREA SURVEYED LOCATION UNSHIELDED SHIELDED 

COORDINATE SIDE (cpm-gross) (cpm-gross) 

WMU #7 & 30 
(CENTER OF 

PATROL RD. #1) 
BKG.=42 cpm 

N10+25, E l  7+75 
N10+75, E17+75 
N11+25, E17+75 
N11+75, E17+75 
N12+25, E17+75 

180 47 
115 43 
860 120 
104 31 
515 78 

N9+50, E18+00 SOUTH 65 32 

N10+49, E l  8+35 144,186 16,041 HOT SPOT SPA-3: 500K cpm 
N10+50, E18+00 265 63 
N10+75, E18+35 70,729 6.160 HOT SPOT SPA-3 350K cpm 

209 126 
314 96 
31 5 

N10+25, E18+25 
N10+75 E18+25 

N12+25, El8+25 1,119 114 
24 55 N9+50, E l  8+50 CENTER 

N9+75, E l  8+63 3,945 326 HOT SPOT SPA-3: 83K cpm 

... 
N10+75. EI8+80 65625 3334 Q.C. (UNSHIELDED) 65128 cpm 

Q.C. (SHIELDED) 3383 cpm 
HOT SPOT SPA-3: 2OOK cpm 

N11 +OO, E l  8+50 37 56 
N11+49, E18+62 41 94 348 HOT SPOT SPA-3: 1 OOK cpm 
N11+50, E l  8+50 45 51 GRAVEL ROAD 
N11+98, E18+80 23,510 4,193 HOT SPOT SPA-3: 1.1 M cpm 
N12+00, E18+50 2,045 338 

N12+25, E18+75 1970 165 Q.C. (UNSHIELDED) 1982 cpm 

N10+00, E19+00 NIA NIA NIA DRUM MTN. 
N10+50, E19+00 NIA NIA NIA DRUM MTN. 
N10+85, E19+25 11,138 809 HOT SPOT SPA-3: 170K cpm 



SURVEY BETA-GAMMA BETA-GAMMA 
AREA SURVEYED LOCATION UNSHIELDED SHIELDED 

COORDINATE SIDE (cpm-gross) (cpm-gross) 

COMMENTS 

WMU #7 & 30 N11+00, E19+00 35 40 GRAVEL ROAD 
“ENTER OF 

3OL RD. #1) 
AG.=42 cum 

HOT SPOT SPA-3: 45K cprn N11+15, E19+25 958 135 

N10+25, E19+25 NIA NIA DRUM MTN. 
N10+75, E19+25 
N11+25, E19+25 
N11+75, E19+25 

NIA NIA 
106 35 
547 61 

DRUM MTN. 

N12+25, E19+25 250 58 

N1 O+OO, E l  9+50 NIA NIA DRUM MTN. 
NIA NIA DRUM MTN. 
38 54 GRAVEL ROAD 

132 70 
2581271 84191 HOT SPOT SPA-3: 35K cpm 

N10+50, E19+50 
N11+00, E19+50 
N11+48, E19+85 
N11+50, E19+50 

N11+25, E19+75 142 46 
N11+75, E19+75 532 94 
N12+25, E l  9+75 195 82 

N1 O+OO, E20+00 NIA NIA DRUM MTN. 
N 10+50, E20+00 
N11 +OO. E20+00 
N11+20, E20+25 
N11+50. E20+00 

NIA NIA DRUM MTN. 
34 44 GRAVEL ROAD 

364 52 
41 90141 10 4351438 HOT SPOT SPA-3: 260K cpm 

Nll+7O, W 1 5  675 200 HOT SPOT SPA-3: 125K cpm 
N12+00. E20+00 103 58 
N12+02, E20+47 3,325 268 HOT SPOT SPA-3: 115K cpm 
N9+75, E20+25 1710 123 
N10+25, E20+25 NIA NIA DRUM MTN. 
N10+75, E20+25 NIA NIA DRUM MTN. 
N11+25, E20+25 
N11+75, E20+25 
N12+25, E20+25 
N9+50, E20+50 
N l  O+OO, E20+50 
N10+50, E20+50 
N11 +OO, E20+50 

N11+50, E20+50 430 65 

109 53 
186 66 
328 65 
63 34 

NIA NIA 
NIA NIA 
26 52 

DRUM MTN. 
DRUM MTN. 

GRAVEL ROAD 

N11+92, E20+52 
N12+00. E20+50 

3,435 644 HOT SPOT SPA-3: 600K cpm 
1.134 83 

~ ... - _. 

N9+75, E20+75 11,712 1,117 
N10+25, E20+75 NIA NIA DRUM MTN. 
N10+75, E20+75 2,153 164 
N11+25, E20+75 348 60 
N11+75, E20+75 202 65 
N12+25, E20+75 118 52 



SURVEY BETA-GAMMA BETA-GAMMA 
AREA SURVEYED LOCATION UNSHIELDED SHIELDED 

COORDINATE SIDE (cpm-gross) (cpm-gross) 

COMMENTS 

WMU #7 & 30 N9+50. E21+00 753 89 SOUTH OF WR TRACKS 
(CENTER OF N10+00, E21+00 91 6 145 

PATROL RD. #1) 
BKG.=42 cpm 

N10+50. E21+00 2.281 306 - - - . - -  - 

N10+59, E21 +OO 152,046 12,097 OXIDES ON SURFACE 
HOT SPOT SPA-3: 530k cpm 

N11 +OO, E21 +OO 
N11+50, E21 +00 
N12+00, E21+00 
N12+01, E20+95 
N9+75, E21+25 
N10+25. E21 +25 

28 25 GRAVEL 
201 35 

3,119 248 
8,449 21 0 HOT SPOT SPA-3: 200K cpm 

OLD GRAVEL 119 30 
422 73 OLD GRAVEL . -- ~ 

. -- 

N10+75. E21+25 39 28 Q.C. (UNSHIELDED) 51 cpm 
GRAVEL 
GRAVEL 
GRAVEL 

N11+25, E21+25 28 30 
N11+75, E21+25 27 29 
N12+25, E21+25 125 32 
N9+50, E21+50 65 39 SOUTH OF WR TRACKS 
N10+00, E21+50 106 44 Q.C. (SHIELDED) 39 cpm 

N11+70, E21+45 6,434 509 HOT SPOT SPA-3: 200K cpm 
N11+90, E21+51 
N12+00, E21+50 
N12+02. E21+53 

N12+15, E21+46 

5,412 661 HOT SPOT SPA-3: 315K cpm 

37346 1,423 HOT SPOT SPA-3: 400K cpm 

3,656 268 HOT SPOT SPA-3: 120K cpm 

203 58 

Q.C. (UNSHIELDED) 36866 cpm 



AlTACHMENT 111 G.M. MEASUREMENTS 

AREA SURVEYED 

WMU #91 
BKG TAKEN 
IN CENTER 

OF VlRGlNA ST. 
BKG = 6Oc p m 

SURVEY 
LOCATION 

COORDINATE 

N9+50, E6+00 
N10+00, E6+00 
N10+50, E6+00 
N9+75, E6+25 
N10+25, E6+25 
N9+50, E6+50 
N10+00, E6+50 
N10+50, E6+50 
N9+75, E6+75 
N10+25, E6+75 
N9+50, E7+00 
N10+00, E7+00 
N10+50, E7+00 
N9+75, E7+25 
N10+25, E7+25 
N9+50, E7+50 
N10+00, E7+50 
N10+50, E7+50 
N9+75, E7+75 
N10+25, E7+75 
N9+50, E8+00 
N10+00, E8+00 
N10+50, E8+00 
N9+75, E8+25 
N10+25, E8+25 
N9+50, E8+50 
N10+00, E8+50 
N10+50, E8+50 
N9+75, E8+75 
Nl0+25, E8+75 
N9+50, E9+00 
N10+00, E9+00 
N10+50, E9+00 
N9+75, E9+25 
N10+25, E9+25 
N9+50, E9+50 
N10+00, E9+50 
N10+50, E9+50 
N9+75, E9+75 
N10+25, E9+75 
N9+50, E10+00 
N10+00, E10+00 
N10+50, E10+00 
N9+75, E10+25 
N10+25, E10+25 
N9+50, E10+50 
N10+00, E10+50 
N10+50. E10+50 

BETA-GAMMA BETA-GAMMA 
UNSHIELDED SHIELDED 
(cpm-gross) (cpm-gross) 

COMMENTS 

66 54 
51 43 
50 51 
66 41 
60 37 
54 54 Q.C. (UNSHIELDED) 50cpm 
49 44 
51 54 
65 41 
59 48 
52 43 
78 73 Q.C. {SHIELDED) 59cpm 
67 44 
60 60 
81 81 
58 50 
79 51 
95 66 
67 58 
65 61 Q.C. (UNSHIELDED) 70cpm 
80 53 _. 

91 69 
113 69 
86 56 
62 50 Q.C. (SHIELDED) 45cpm 
73 41 
67 46 
68 
58 
57 

80 
65 
55 

58 35 
88 79 
82 53 
63 58 O.C. (UNSHIELDED) 67cpm 
73 49 
54 49 
70 62 
89 
59 
78 
69 

87 
48 
57 
49 

Q.C. (SHIELDED) 6lcpm 

73 73 
99 82 
90 61 
52 53 

172 84 
55 59 

106 58 Q.C. (UNSHIELDED) 90cpm 



AlTACHMENT 3-C G.M. MEASUREMENTS 

SURVEY BETA-GAMMA BETA-GAMMA 
AREA SURVEYED LOCATION UNSHIELDED SHIELDED 

COORDINATE SIDE (cpm-gross)' (cpm-gross)' 

COMMENTS 

DITCH SOUTH D 
OF WMU #2 & 3 

100 - WEST SOUTH 80 52 
150 - WEST CENTER 1 74 50 
200 - WEST NORTH 106 84 
250 - WEST CENTER 86 60 

550 - WEST CENTER 21 6 80 
600 -WEST NORTH 58 52 
650 - WEST CENTER 562 98 
700 - WEST SOUTH 72 56 
750 - WEST CENTER 230 88 
800 - WEST NORTH 52 46 
850 -WEST CENTER 21 4 114 
900 -WEST SOUTH 58 50 
950 -WEST CENTER 320 110 
1000 - WEST NORTH 64 44 
1050 - WEST CENTER 330 88 
1075 - WEST CENTER 196 94 CULVERT @ * 1075 UNDER ROAD 

1350 - WEST SOUTH 144 64 
1400 - WEST CENTER 420 188 
1450 - WEST NORTH 48 66 
1500 - WEST CENTER 554 118 
1550 - WEST SOUTH 64 64 



ATACHMENT 3-C G.M. MEASUREMENTS 

SURVEY BETA-GAMMA BETA-GAMMA 
AREA SURVEYED LOCATION UNSHIELDED SHIELDED 

COORDINATE SIDE (cpm-gross) (cpm-gross) 

COMMENTS 

DITCH SOUTH OF N9+15, E10+50 CENTER 115 50 Background 
WMU #7 & 30 N9+15, E m 7 5  SOUTH 54 39 - 35-40cpm 

N9+15, E11+00 CENTER 187 50 
N9+15, E11+25 NORTH 42 39 
N9+15, El 1+50 CENTER 95 41 
N9+15. E11+75 SOUTH 35 36 
N9+15; E12+00 CENTER 111 53 
N9+15, E12+25 NORTH 42 32 
N9+15, E12+50 CENTER 41 39 
N9+15. E12+75 SOUTH 39 29 
N9+15; E13+$ CENTER 344 80 
N9+15, E13+25 NORTH 55 42 
N9+15, El3+50 CENTER a4 40 
N9+15, El3+75 SOUTH 40 48 
N9+15, E14+00 CENTER 175 53 
N9+15. E14+25 NORTH 56 50 
N9+15, E14+50 CENTER 292 60 
N9+15, E14+75 SOUTH 44 34 
N9+15, E15+00 CENTER 144 38 
N9+15, E15+10 NORTH 94 32 END OF SURVEY @ 



Attachment 3-D 
COORDINATE SYSTEM INTERCOMPARISON 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU #1 GAMMA WALKOVER SURVEY 

SAMPLE GRID 
NORTH 

1 o+oo 
9+50 
1 o+oo 
9+50 
9+00 
8+50 
8+00 
1 o+oo 
9+50 
9+00 
8+50 
8+00 
1 o+oo 
9+50 
9+00 
8+50 
8+00 
1 o+oo 
9+50 
9+00 
8+50 
8+00 
1 o+oo 
9+50 
9+00 
8+50 
8+00 
1 o+oo 
9+50 
9+00 
8+50 
8+00 
1 o+oo 
9+50 
9+00 
8+50 
8+00 
1 o+oo 
9+50 
9+00 
8+50 

EAST 

9+50 
9+50 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
10+50 
10+50 
10+50 
10+50 
10+50 
11+00 
11+00 
11+00 
1 1 +oo 
1 1 +oo 
11+50 
11+50 
11+50 
1 1 +50 
1 1 +50 
12+00 
12+00 
12+00 
12+00 
12+00 
12+50 
12+50 
12+50 
12+50 
12+50 
13+00 
13+00 
13+00 
13+00 
13+00 
13+50 
13+50 
13+50 
13+50 

PLANT GRID 
NORTH EAST 

-1 71 8.0 
-1 768.0 
-1 71 7.4 
-1 767.4 
-1 81 7.4 
-1 867.4 
-1 91 7.4 
-1 71 6.8 
-1 766.8 
-1 81 6.7 
-1 866.7 
-1 91 6.7 
-1 71 6.1 
-1 766.1 
-1 81 6.1 
-1 866.1 
-1 91 6.1 
-1 71 5.5 
-1 765.5 
-1 81 5.5 
-1 865.5 
-1 91 5.5 
-1 71 4.9 
-1 764.9 
-1 814.9 
-1 864.9 
-1 914.9 
-1 71 4.3 
-1 764.3 
-1 814.3 
-1 864.3 
-1 914.3 
-1 71 3.7 
-1 763.7 
-1 81 3.7 
-1 863.7 
-1 91 3.7 
-1 71 3.1 
-1 763.1 
-1 81 3.1 
-1 863.1 

-71 08.8 
-71 08.2 
-7058.8 
-7058.2 
-7057.6 
-7056.9 
-7056.3 
-7008.8 
-7008.2 
-7007.6 
-7006.9 
-7006.3 
-6958.8 
-6958.2 
-6957.6 
-6956.9 
-6956.3 
-6908.8 
-6908.2 
-6907.6 
-6906.9 
-6906.3 
-6858.8 
-6858.2 
-6857.6 
-6856.9 
-6856.3 
-6808.8 
-6808.2 
-6807.6 
-6807.0 
-6806.3 
-6758.8 
-6758.2 
-6757.6 
-6757.0 
-6756.3 
-6708.8 
-6708.2 
-6707.6 
-6707.0 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU #1 GAMMA WALKOVER SURVEY 

SAMPLE GRID 
NORTH EAST 

8+00 
1 o+oo 
9+50 
9+00 
8+50 
8+00 
1 o+oo 
9+50 
9+50 
8+50 
1 o+oo 
9+50 
9+00 
8+50 

13+50 
14+00 
14+00 
14+00 
14+00 
14+00 
14+50 
14+50 
14+50 
14+50 
15+00 
15+00 
15+00 
15+00 

PLANT GRID 
NORTH EAST 

-1913.1 
-1 71 2.4 
-1 762.4 
-1 81 2.4 
-1 862.4 
-1 91 2.4 
-1711.8 
-1 761.8 
-1 761.8 
-1 861.8 
-1711.2 
-1 761.2 
-1 81 1.2 
-1 861.2 

-6706.3 
-6658.8 
-6658.2 
-6657.6 
-6657.0 
-6656.3 
-6608.8 
-6608.2 
-6608.2 
-6607.0 
-6558.8 
-6558.2 
-6557.6 
-6557.0 



ATTACHMENT 3-0 
COORDINATE SYSTEM INTERCOMPARISON 
WMU #4 GAMMA WALKOVER SURVEY 

SAMPLE GRID 
NORTH 

13+25 
13+00 
12+75 
12+50 
12+25 
12+00 
1 1 +75 
1 1 +50 
11+25 
11+00 
10+75 
10+50 
10+25 
1 o+oo 
9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 
12+50 
12+25 
12+00 
1 1 +75 
1 1 +50 
11 +25 
11+00 
10+75 
10+50 
10+25 
1 o+oo 
9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 

EAST 

9+37 
9+37 
9+37 
9+37 
9+37 
9+37 
9+37 
9+37 
9+37 
9+37 
9+37 
9+37 
9+37 
9+37 
9+37 
9+37 
9+37 
9+37 
9+50 
9+50 
9+50 
9+50 
9+50 
9+50 
9+50 
9+50 
9+50 
9+50 
9+50 
9+50 
9+25 
9+50 
9+50 
9+50 
9+50 
9+50 
9+50 
9+75 
9+75 
9+75 
9+75 

PLANT GRID 
NORTH EAST 

-1 168.8 
-1 193.8 
-1 21 8.8 
-1 243.8 
-1 268.8 
-1 293.8 
-1 31 8.7 
-1 343.7 
-1 368.7 
-1 393.7 
-1 41 8.7 
-1 443.7 
-1468.7 
-1 493.7 
-1 51 8.7 
-1 543.7 
-1 568.7 
-1 593.7 
-1 143.9 
-1 168.9 
-1 193.9 
-1 21 8.9 
-1 243.9 
-1 268.8 
-1 293.8 
-1 31 8.8 
-1 343.8 
-1 368.8 
-1 393.8 
-1418.8 
-1 443.6 
-1468.8 
-1 493.8 
-1 51 8.8 
-1 543.8 
-1 568.8 
-1 593.8 
-1 144.1 
-1169.1 
-1 194.0 
-1 21 9.0 

-6488.2 
-6488.3 
-6488.5 
-6488.7 
-6488.9 
-6489.0 
-6489.2 
-6489.4 
-6489.6 
-6489.8 
-6489.9 
-6490.1 
-6490.3 
-6490.5 
-6490.6 
-6490.8 
-6491 .O 
-6491.2 
-6475.0 
-6475.2 
-6475.3 
-6475.5 
-6475.7 
-6475.9 
-6476.0 
-6476.2 
-6476.4 
-6476.6 
-6476.8 
-6476.9 
-6502.1 
-6477.3 
-6477.5 
-6477.6 
-6477.8 
-6478.0 
-6478.2 
-6450.0 
-6450.2 
-6450.4 
-6450.5 



SAMPLE GRID 

ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 
WMU #4 GAMMA WALKOVER SURVEY 

NORTH 

12+50 
12+25 
12+00 
1 1 +75 
11+50 
11+25 
11+00 
10+75 
10+50 
10+25 
1 o+oo 
9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 
12+50 
12+25 
12+00 
1 1 +75 
11+50 
1 1 +25 
1 1 +oo 
10+75 
10+50 
10+25 
1 o+oo 
9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 
12+50 
12+25 
12+00 

EAST 

9+75 
9+75 
9+75 
9+75 
9+75 
9+75 
9+75 
9+75 
9+75 
9+75 
9+75 
9+75 
9+75 
9+75 
9+75 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
10+25 
10+25 
10+25 
10+25 
10+25 
10+25 
10+25 

PLANT GRID 
NORTH 

-1 244.0 
-1 269.0 
-1 294.0 
-1 31 9.0 
-1 344.0 
-1 369.0 
-1 394.0 
-1419.0 
-1444.0 
-1 469.0 
-1 494.0 
-1 51 9.0 
-1 544.0 
-1 569.0 
-1 593.9 
-1 144.2 
-1 169.2 
-1 194.2 
-1 21 9.2 
-1 244.2 
-1 269.2 
-1 294.2 
-1 31 9.2 
-1 344.2 
-1 369.2 
-1 394.2 
-141 9.2 
-1444.2 
-1 469.2 
-1 494.1 
-1 51 9.1 
-1 544.1 
-1569.1 
-1594.1 
-1 144.4 
-1 169.4 
-1 194.4 
-1 21 9.4 
-1 244.4 
-1 269.4 
-1 294.4 

EAST 

-6450.7 
-6450.9 
-6451.1 
-6451.2 
-6451.4 
-6451.6 
-6451.8 
-6451.9 
-6452.1 
-6452.3 
-6452.5 
-6452.6 
-6452.8 
-6453.0 
-6453.2 
-6425.0 
-6425.2 
-6425.4 
-6425.5 
-6425.7 
-6425.9 
-6426.1 
-6426.2 
-6426.4 
-6426.6 
-6426.8 
-6426.9 
-6427.1 
-6427.3 
-6427.5 
-6427.6 
-6427.8 
-6428.0 
-6428.2 
-6400.0 
-6400.2 
-6400.4 
-6400.5 
-6400.7 
-6400.9 
-6401.1 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 
WMU #4 GAMMA WALKOVER SURVEY 

SAMPLE GRID 
NORTH 

1 1 +75 
11+50 
1 1 +25 
1 1 +oo 
10+75 
10+50 
10+25 
1 o+oo 
9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 
12+50 
12+25 
12+00 
11+75 
11+50 
1 1 +25 
11+00 
10+75 
10+50 
10+25 
1 o+oo 
9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 
12+50 
12+25 
12+00 
11+75 
1 1 +50 
1 1 +25 

EAST 

10+25 
10+25 
10+25 
10+25 
10+25 
10+25 
10+25 
10+25 
10+25 
10+25 
10+25 
10+25 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+75 
10+75 
10+75 
10+75 
10+75 
10+75 
10+75 
10+75 
10+75 
10+75 

PLANT GRID 
NORTH EAST 

-1 31 9.4 
-1 344.4 
-1 369.4 
-1 394.3 
-1 41 9.3 
-1444.3 
-1 469.3 
-1494.3 
-1 51 9.3 
-1 544.3 
-1 569.3 
-1 594.3 
-1 144.6 
-1 169.6 
-1 194.6 
-1 21 9.6 
-1 244.6 
-1 269.6 
-1 294.5 
-1 31 9.5 
-1 344.5 
-1 369.5 
-1 394.5 
-1 41 9.5 
-1444.5 
-1 469.5 
-1 494.5 
-1 51 9.5 
-1 544.5 
-1 569.5 
-1 594.5 
-1 144.8 
-1 169.8 
-1 194.7 
-1 21 9.7 
-1 244.7 
-1 269.7 
-1 294.7 
-1 31 9.7 
-1 344.7 
-1 369.7 

-6401.2 
-6401.4 
-6401 -6 
-6401.8 
-6401.9 
-6402.1 
-6402.3 
-6402.5 
-6402.7 
-6402.8 
-6403.0 
-6403.2 
-6375.0 
-6375.2 
-6375.4 
-6375.5 
-6375.7 
-6375.9 
-6376.1 
-6376.3 
-6376.4 
-6376.6 
-6376.8 
-6377.0 
-6377.1 
-6377.3 
-6377.5 
-6377.7 
-6377.8 
-6378.0 
-6378.2 
-6350.0 
-6350.2 
-6350.4 
-6350.6 
-6350.7 
-6350.9 
-6351.1 
-6351.3 
-6351 -4 
-6351.6 



SAMPLE GRID 

ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 
WMU #4 GAMMA WALKOVER SURVEY 

NORTH 

1 +oo 
0+75 
0+50 
0+25 
o+oo 
9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 
12+50 
12+25 
12+00 
1 1 +75 
11+50 
11+25 
1 1 +oo 
10+75 
10+50 
10+25 
1 o+oo 
9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 
12+50 
12+25 
12+00 
1 1 +75 
11+50 
1 1 +25 
1 1 +oo 
10+75 
10+50 

EAST 

10+75 
10+75 
10+75 
10+75 
10+75 
10+75 
10+75 
10+75 
10+75 
11+00 
11+00 
1 1 +oo 
1 1 +oo 
1 1 +oo 
1 1 +oo 
1 1 +oo 
11+00 
1 1 +oo 
1 1 +oo 
1 1 +oo 
11+00 
11+00 
1 1 +oo 
1 1 +oo 
1 1 +oo 
1 1 +oo 
1 1 +oo 
11+00 
1 1 +25 
1 1 +25 
1 1 +25 
1 1 +25 
1 1 +25 
11+25 
1 1 +25 
1 1 +25 
11+25 
11+25 
1 1 +25 
1 1 +25 
1 1 +25 

PLANT GRID 
NORTH 

-1 394.7 
-1419.7 
-1444.7 
-1 469.7 
-1 494.7 
-1 51 9.7 
-1 544.7 
-1 569.7 
-1 594.6 
-1 144.9 
-1 169.9 
-1 194.9 
-1 21 9.9 
-1 244.9 
-1 269.9 
-1 294.9 
-1 31 9.9 
-1 344.9 
-1 369.9 
-1 394.9 
-141 9.9 
-1 444.9 
-1469.9 
-1494.8 
-1 51 9.8 
-1 544.8 
-1 569.8 
-1 594.8 
-1 145.1 
-1170.1 
-1195.1 
-1 220.1 
-1 245.1 
-1270.1 
-1 295.1 
-1 320.1 
-1 345.1 
-1370.1 
-1395.1 
-1420.0 
-1445.0 

EAST 

-6351.8 
-6352.0 
-6352.1 
-6352.3 
-6352.5 
-6352.7 
-6352.8 
-6353.0 
-6353.2 
-6325.0 
-6325.2 
-6325.4 
-6325.6 
-6325.7 
-6325.9 
-6326.1 
-6326.3 
-6326.4 
-6326.6 
-6326.8 
-6327.0 
-6327.1 
-6327.3 
-6327.5 
-6327.7 
-6327.8 
-6328.0 
-6328.2 
-6300.0 
-6300.2 
-6300.4 
-6300.6 
-6300.7 
-6300.9 
-6301.1 
-6301.3 
-6301.4 
-6301.6 
-6301.8 
-6302.0 
-6302.1 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 
WMU #4 GAMMA WALKOVER SURVEY 

SAMPLE GRID 
NORTH 

10+25 
1 o+oo 
9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 
12+50 
12+25 
12+00 
11+75 
11+50 
1 1 +25 
11+00 
10+75 
10+50 
10+25 
1 o+oo 
9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 
12+50 
12+25 
12+00 
1 1 +75 
11 +50 
1 1 +25 
1 1 +oo 
10+75 
10+50 
10+25 
1 o+ou 
9+75 

EAST 

1 1 +25 
11+25 
1 1 +25 
1 1 +25 
1 1 +25 
1 1 +25 
11+50 
1 1 +50 
1 1 +50 
1 1 +50 
1 1 +50 
1 1 +50 
11+50 
11+50 
1 1 +50 
11+50 
1 1 +50 
11+50 
1 1 +50 
1 1 +50 
1 1 +50 
11+50 
1 1 +50 
11+50 
11+50 
1 1 +75 
11+75 
1 1 +75 
1 1 +75 
1 1 +75 
1 1 +75 
1 1 +75 
1 1 +75 
1 1 +75 
1 1 +75 
1 1 +75 
1 1 +75 
1 1 +75 
1 1 +75 
11+75 
1 1 +75 

PLANT GRID 
NORTH EAST 

-1470.0 
-1 495.0 
-1 520.0 
-1 545.0 
-1 570.0 
-1 595.0 
-1 145.3 
-1 170.3 
-1 195.3 
-1 220.3 
-1 245.3 
-1270.3 
-1 295.3 
-1320.2 
-1 345.2 
-1 370.2 
-1 395.2 
-1420.2 
-1 445.2 
-1470.2 
-1 495.2 
-1 520.2 
-1 545.2 
-1 570.2 
-1 595.2 
-1 145.5 
-1 170.5 
-1 195.5 
-1 220.4 
-1 245.4 
-1 270.4 
-1 295.4 
-1 320.4 
-1 345.4 
-1 370.4 
-1 395.4 
-1420.4 
-1445.4 
-1 470.4 
-1495.4 
-1 520.4 

-6302.3 
-6302.5 
-6302.7 
-6302.9 
-6303.0 
-6303.2 
-6275.0 
-6275.2 
-6275.4 
-6275.6 
-6275.7 
-6275.9 
-6276.1 
-6276.3 
-6276.5 
-6276.6 
-6276.8 
-6277.0 
-6277.2 
-6277.3 
-6277.5 
-6277.7 
-6277.9 
-6278.0 
-6278.2 
-6250.0 
-6250.2 
-6250.4 
-6250.6 
-6250.8 
-6250.9 
-6251.1 
-6251.3 
-6251.5 
-6251.6 
-6251 -8 
-6252.0 
-6252.2 
-6252.3 
-6252.5 
-6252.7 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 
WMU #4 GAMMA WALKOVER SURVEY 

SAMPLE GRID 
NORTH 

9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 
12+50 
12+25 
12+00 
1 1 +75 
11+50 
1 1 +25 
11+00 
10+75 
10+50 
10+25 
1 o+oo 
9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 
12+50 
12+25 
12+00 
1 1 +75 
11+50 
1 1 +25 
1 1 +oo 
10+75 
10+50 
10+25 
1 o+oo 
9+75 
9+50 
9+25 
9+00 

EAST 

1 1 +75 
1 1 +75 
1 1 +75 
12+00 
12+00 
12+00 
12+00 
12+00 
12+00 
12+00 
12+00 
12+00 
12+00 
12+00 
12+00 
12+00 
12+00 
12+00 
12+00 
12+00 
12+00 
12+00 
12+25 
12+25 
12+25 
12+25 
12+25 
12+25 
12+25 
12+25 
12+25 
12+25 
12+25 
12+25 
12+25 
12+25 
12+25 
12+25 
12+25 
12+25 
12+25 

PLANT GRID 
NORTH EAST 

-1 545.4 
-1 570.4 
-1 595.4 
-1 145.6 
-1 170.6 
-1 195.6 
-1 220.6 
-1 245.6 
-1 270.6 
-1 295.6 
-1 320.6 
-1 345.6 
-1 370.6 
-1 395.6 
-1 420.6 
-1 445.6 
-1 470.6 
-1 495.6 
-1 520.5 
-1 545.5 
-1 570.5 
-1 595.5 
-1 145.8 
-1 170.8 
-1 195.8 
-1 220.8 
-1 245.8 
-1 270.8 
-1 295.8 
-1 320.8 
-1 345.8 
-1 370.8 
-1 395.8 
-1 420.7 
-1 445.7 
-1 470.7 
-1 495.7 
-1 520.7 
-1 545.7 
-1 570.7 
-1 595.7 

-6252.9 
-6253.0 
-6253.2 
-6225.1 
-6225.2 
-6225.4 
-6225.6 
-6225.8 
-6225.9 
-6226.1 
-6226.3 
-6226.5 
-6226.6 
-6226.8 
-6227.0 
-6227.2 
-6227.3 
-6227.5 
-6227.7 
-6227.9 
-6228.0 
-6228.2 
-6200.1 
-6200.2 
-6200.4 
-6200.6 
-6200.8 
-6200.9 
-6201.1 
-6201.3 
-6201.5 
-6201.6 
-6201.8 
-6202.0 
-6202.2 
-6202.4 
-6202.5 
-6202.7 
-6202.9 
-6203.1 
-6203.2 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 
WMU #4 GAMMA WALKOVER SURVEY 

SAMPLE GRID 
NORTH 

13+50 
13+25 
13+00 
12+75 
12+50 
12+25 
12+00 
1 1 +75 
1 1 +50 
1 1 +25 
1 1 +oo 
10+75 
10+50 
10+25 
1 o+oo 
9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 
12+50 
12+25 
12+00 
1 1 +75 
11 +50 
11+25 
1 1 +oo 
10+75 
10+50 
10+25 
1 o+oo 
9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 

EAST 

12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+75 
12+75 
12+75 
12+75 
12+75 
12+75 
12+75 
12+75 
12+75 
12+75 
12+75 
12+75 
12+75 
12+75 
12+75 
12+75 
12+75 
12+75 
12+75 
13+00 
13+00 
13+00 

PLANT GRID 
NORTH EAST 

-1 146.0 
-1171.0 
-1 196.0 
-1 221 .o 
-1 246.0 
-1 271 .O 
-1 296.0 
-1 321 .O 
-1 345.9 
-1 370.9 
-1 395.9 
-1420.9 
-1 445.9 
-1 470.9 
-1 495.9 
-1 520.9 
-1 545.9 
-1 570.9 
-1 595.9 
-1 146.2 
-1 171.2 
-1 196.2 
-1 221.2 
-1246.1 
-1271.1 
-1296.1 
-1 321.1 
-1 346.1 
-1 371.1 
-1 396.1 
-1421.1 
-1 446.1 
-1471.1 
-1 496.1 
-1521.1 
-1 546.1 
-1571.1 
-1 596.1 
-1 146.3 
-1171.3 
-1 196.3 

-61 75.1 
-61 75.2 
-61 75.4 
-61 75.6 
-61 75.8 
-61 75.9 
-61 76.1 
-61 76.3 
-61 76.5 
-6176.7 
-61 76.8 
-61 77.0 
-61 77.2 
-61 77.4 
-61 77.5 
-61 77.7 
-61 77.9 
-61 78.1 
-61 78.2 
-61 50.1 
-61 50.2 
-61 50.4 
-61 50.6 
-61 50.8 
-6151 .O 
-6151.1 
-61 51.3 
-61 51.5 
-61 51.7 
-61 51.8 
-61 52.0 
-61 52.2 
-61 52.4 
-61 52.5 
-61 52.7 
-61 52.9 
-61 53.1 
-61 53.2 
-61 25.1 
-61 25.3 
-61 25.4 



SAMPLE GRID 

ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 
WMU #4 GAMMA WALKOVER SURVEY 

NORTH 

12+75 
12+50 
12+25 
12+00 
11 +75 
1 1 +50 
11+25 
1 1 +oo 
10+75 
10+50 
10+25 
1 o+oo 
9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 
12+50 
12+25 
12+00 
11+75 
11+50 
1 1 +25 
1 1 +oo 
10+75 
10+50 
10+25 
1 o+oo 
9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 
12+50 
12+25 

EAST 

13+00 
13+00 
13+00 
13+00 
13+00 
13+00 
13+00 
13+00 
13+00 
13+00 
13+00 
13+00 
13+00 
13+00 
13+00 
13+00 
13+25 
13+25 
13+25 
13+25 
13+25 
13+25 
13+25 
13+25 
13+25 
13+25 
13+25 
13+25 
13+25 
13+25 
13+25 
13+25 
13+25 
13+25 
13+25 
13+50 
13+50 
13+50 
13+50 
13+50 
13+50 

PLANT GRID 
NORTH 

-1 221.3 
-1 246.3 
-1 271.3 
-1 296.3 
-1 321.3 
-1 346.3 
-1 371.3 
-1 396.3 
-1421.3 
-1 446.3 
-1 471.3 
-1 496.3 
-1 521.3 
-1 546.2 
-1 571.2 
-1596.2 
-1 146.5 
-1 171.5 
-1 196.5 
-1 221.5 
-1 246.5 
-1 271.5 
-1 296.5 
-1 321.5 
-1 346.5 
-1 371.5 
-1 396.5 
-1421.5 
-1446.4 
-1 471.4 
-1 496.4 
-1 521.4 
-1 546.4 
-1 571.4 
-1 596.4 
-1 146.7 
-1171.7 
-1 196.7 
-1 221.7 
-1 246.7 
-1 271.7 

EAST 

-61 25.6 
-61 25.8 
-61 26.0 
-61 26.1 
-61 26.3 
-61 26.5 
-61 26.7 
-61 26.8 
-61 27.0 
-61 27.2 
-61 27.4 
-61 27.5 
-61 27.7 
-61 27.9 
-61 28.1 
-61 28.3 
-61 00.1 
-61 00.3 
-61 00.4 
-61 00.6 
-61 00.8 
-61 01 .O 
-6101.1 
-61 01.3 
-61 01.5 
-61 01.7 
-61 01.8 
-61 02.0 
-61 02.2 
-61 02.4 
-61 02.6 
-61 02.7 
-61 02.9 
-61 03.1 
-61 03.3 
-6075.1 
-6075.3 
-6075.4 
-6075.6 
-6075.8 
-6076.0 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 
WMU #4 GAMMA WALKOVER SURVEY 

SAMPLE GRID 
NORTH 

12+00 
1 1 +75 
11+50 
1 1 +25 
11+00 
10+75 
10+50 
10+25 
1 o+oo 
9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 
12+50 
12+25 
12+00 
11+75 
11 +50 
1 1 +25 
1 1+00 
10+75 
10+50 
10+25 
1 o+oo 
9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 
12+50 
12+25 
12+00 
1 1 +75 
1 1 +50 

EAST 

13+50 
13+50 
13+50 
13+50 
13+50 
13+50 
13+50 
13+50 
13+50 
13+50 
13+50 
13+50 
13+50 
13+75 
13+75 
13+75 
13+75 
13+75 
13+75 
13+75 
13+75 
13+75 
13+75 
13+75 
13+75 
13+75 
13+75 
13+75 
13+75 
13+75 
13+75 
13+75 
14+00 
14+00 
14+00 
14+00 
14+00 
14+00 
14+00 
14+00 
14+00 

PLANT GRID 
NORTH EAST 

-1 296.7 
-1 321.7 
-1 346.6 
-1 371.6 
-1 396.6 
-1 421.6 
-1 446.6 
-1 471.6 
-1 496.6 
-1 521.6 
-1546.6 
-1 571.6 
-1 596.6 
-1 146.9 
-1171.9 
-1 196.9 
-1 221.9 
-1 246.8 
-1 271.8 
-1 296.8 
-1 321.8 
-1 346.8 
-1 371 .a 
-1396.8 
-1 421.8 
-1 446.8 
-1 471.8 
-1 496.8 
-1 521.8 
-1 546.8 
-1 571.8 
-1 596.8 
-1147.1 
-1 172.0 
-1 197.0 
-1 222.0 
-1 247.0 
-1 272.0 
-1 297.0 
-1 322.0 
-1 347.0 

-6076.1 
-6076.3 
-6076.5 
-6076.7 
-6076.9 
-6077.0 
-6077.2 
-6077.4 
-6077.6 
-6077.7 
-6077.9 
-6078.1 
-6078.3 
-6050.1 
-6050.3 
-6050.5 
-6050.6 
-6050.8 
-6051 .O 
-6051.2 
-6051.3 
-6051.5 
-6051.7 
-6051.9 
-6052.0 
-6052.2 
-6052.4 
-6052.6 
-6052.7 
-6052.9 
-6053.1 
-6053.3 
-6025.1 
-6025.3 
-6025.5 
-6025.6 
-6025.8 
-6026.0 
-6026.2 
-6026.3 
-6026.5 



SAMPLE GRID 

ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 
WMU #4 GAMMA WALKOVER SURVEY 

NORTH 

1 +25 
1 +oo 
0+75 
0+50 
0+25 

1 o+oo 
9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 
12+50 
12+25 
12+00 
1 1 +75 
1 1 +50 
1 1 +25 
1 1 +oo 
10+75 
10+50 
10+25 
1 o+oo 
9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 
12+50 
12+25 
12+00 
1 1 +75 
1 1 +50 
1 1 +25 
1 1 +oo 
10+75 

EAST 

14+00 
14+00 
14+00 
14+00 
14+00 
14+00 
14+00 
14+00 
14+00 
14+00 
14+25 
14+25 
14+25 
14+25 
14+25 
14+25 
14+25 
14+25 
14+25 
14+25 
14+25 
14+25 
14+25 
14+25 
14+25 
14+25 
14+25 
14+25 
14+25 
14+50 
14+50 
14+50 
14+50 
14+50 
14+50 
14+50 
14+50 
14+50 
14+50 
14+50 
14+50 

PLANT GRID 
NORTH 

-1 372.0 
-1 397.0 
-1 422.0 
-1447.0 
-1 472.0 
-1 497.0 
-1 522.0 
-1 547.0 
-1 571.9 
-1 596.9 
-1 147.2 
-1 172.2 
-1 197.2 
-1 222.2 
-1 247.2 
-1 272.2 
-1 297.2 
-1 322.2 
-1 347.2 
-1 372.2 
-1 397.2 
-1 422.2 
-1 447.2 
-1472.1 
-1 497.1 
-1 522.1 
-1 547.1 
-1 572.1 
-1 597.1 
-1 147.4 
-1 172.4 
-1 197.4 
-1 222.4 
-1 247.4 
-1 272.4 
-1 297.4 
-1 322.4 
-1 347.4 
-1 372.3 
-1 397.3 

EAST 

-6026.7 
-6026.9 
-6027.0 
-6027.2 
-6027.4 
-6027.6 
-6027.7 
-6027.9 
-6028.1 
-6028.3 
-6000.1 
-6000.3 
-6000.5 
-6000.6 
-6000.8 
-6001 .O 
-6001.2 
-6001.3 
-6001.5 
-6001.7 
-6001.9 
-6002.0 
-6002.2 
-6002.4 
-6002.6 
-6002.8 
-6002.9 
-6003.1 
-6003.3 
-5975.1 
-5975.3 
-5975.5 
-5975.6 
-5975.8 
-5976.0 
-5976.2 
-5976.4 
-5976.5 
-5976.7 
-5976.9 

-1422.3 -5977.1 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 
WMU #4 GAMMA WALKOVER SURVEY 

SAMPLE GRID 
NORTH 

10+50 
10+25 
1 o+oo 
9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 
12+50 
12+25 
12+00 
1 1 +75 
11 +50 
1 1 +25 
1 1 +oo 
10+75 
10+50 
10+25 
1 o+oo 
9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 
12+50 
12+25 
12+00 
1 1 +75 
1 1 +50 
11+25 
11+00 
10+75 
10+50 
10+25 
1 o+oo 

EAST 

14+50 
14+50 
14+50 
14+50 
14+50 
14+50 
14+50 
14+75 
14+75 
14+75 
14+75 
14+75 
14+75 
14+75 
14+75 
14+75 
14+75 
14+75 
14+75 
14+75 
14+75 
14+75 
14+75 
14+75 
14+75 
14+75 
15+00 
15+00 
15+00 
15+00 
15+00 
15+00 
15+00 
15+00 
15+00 
15+00 
15+00 
15+00 
15+00 
15+00 
15+00 

PLANT GRID 
NORTH EAST 

-1 447.3 
-1 472.3 
-1 497.3 
-1 522.3 
-1 547.3 
-1 572.3 
-1 597.3 
-1 147.6 
-1 172.6 
-1 197.6 
-1222.6 
-1 247.6 
-1 272.5 
-1 297.5 
-1 322.5 
-1 347.5 
-1 372.5 
-1 397.5 
-1 422.5 
-1447.5 
-1 472.5 
-1 497.5 
-1 522.5 
-1 547.5 
-1 572.5 
-1 597.5 
-1 147.8 
-1 172.7 
-1 197.7 
-1 222.7 
-1 247.7 
-1 272.7 
-1 297.7 
-1 322.7 
-1 347.7 
-1 372.7 
-1 397.7 
-1 422.7 
-1447.7 
-1472.7 
-1497.7 

-5977.2 
-5977.4 
-5977.6 
-5977.8 
-5977.9 
-5978.1 
-5978.3 
-5950.1 
-5950.3 
-5950.5 
-5950.7 
-5950.8 
-5951 .O 
-5951.2 
-5951.4 
-5951.5 
-5951.7 
-5951.9 
-5952.1 
-5952.2 
-5952.4 
-5952.6 
-5952.8 
-5952.9 
-5953.1 
-5953.3 
-5925.1 
-5925.3 
-5925.5 
-5925.7 
-5925.8 
-5926.0 
-5926.2 
-5926.4 
-5926.5 
-5926.7 
-5926.9 
-5927.1 
-5927.2 
-5927.4 
-5927.6 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 
WMU #4 GAMMA WALKOVER SURVEY 

SAMPLE GRID PLANT GRID 
NORTH 

9+75 
9+50 
9+25 
9+00 
13+50 
13+25 
13+00 
12+75 
12+50 
12+25 
12+00 
1 1 +75 
1 1 +50 
11+25 
1 1 +oo 
10+75 
10+50 
10+25 
1 o+oo 
9+75 
9+50 
9+25 
9+00 

EAST 

15+00 
15+00 
15+00 
15+00 
15+25 
15+25 
15+25 
15+25 
15+25 
15+25 
15+25 
15+25 
15+25 
15+25 
15+25 
15+25 
15+25 
15+25 
15+25 
15+25 
15+25 
15+25 
15+25 

NORTH 

-1 522.7 
-1 547.7 
-1 572.6 
-1 597.6 
-1 147.9 
-1 172.9 
-1 197.9 
-1 222.9 
-1 247.9 
-1 272.9 
-1 297.9 
-1 322.9 
-1 347.9 
-1 372.9 
-1 397.9 
-1 422.9 
-1 447.9 
-1472.9 
-1 497.8 
-1 522.8 
-1 547.8 
-1 572.8 
-1 597.8 

EAST 

-5927.8 
-5927.9 
-5928.1 
-5928.3 
-5900.1 
-5900.3 
-5900.5 
-5900.7 
-5900.8 
-5901 -0 
-5901.2 
-5901.4 
-5901.5 
-5901.7 
-5901.9 
-5902.1 
-5902.2 
-5902.4 
-5902.6 
-5902.8 
-5903.0 
-5903.1 
-5903.3 



ATTACHMENT 3-0 
COORDINATE SYSTEM INTERCOMPARISON 

WMU 7&30 GAMMA WALKOVER SURVEY 

SAMPLE GRID 
NORTH 

12+50 
12+00 
1 1 +50 
11+00 
10+50 
1 o+oo 
9+50 
9+00 
12+50 
12+00 
11+50 
1 1 +oo 
10+50 
1 o+oo 
9+50 
9+00 
12+50 
12+00 
12+00 
11+50 
1 1 +oo 
10+50 
1 o+oo 
9+50 
9+00 
12+50 
12+00 
12+00 
1 1 +50 
11+00 
10+50 
1 o+oo 
9+50 
9+00 
12+50 
12+00 
12+00 
1 1 +50 
1 1 +oo 
10+50 
1 o+oo 

EAST 

1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
1 1 +oo 
1 1 +oo 
1 1 +oo 
1 1 +oo 
1 1 +oo 
1 1 +oo 
1 1 +oo 
1 1 +oo 
1 1 +oo 
1 1 +50 
11+50 
1 1 +50 
11+50 
1 1 +50 
1 1 +50 
1 1 +50 
11+50 
1 1 +50 
12+00 
12+00 
12+00 
12+00 
12+00 
12+00 
12+00 

PLANT 
NORTH 

1026.6 
976.6 
926.6 
876.7 
826.7 
776.7 
726.7 
676.7 

1025.5 
975.5 
925.5 
875.5 
825.6 
775.6 
725.6 
675.6 

1024.4 
974.4 
974.4 
924.4 
874.4 
824.4 
774.5 
724.5 
674.5 

1023.3 
973.3 
973.3 
923.3 
873.3 
823.3 
773.3 
723.4 
673.4 

1022.2 
972.2 
972.2 
922.2 
872.2 
822.2 
772.2 

GRID 
EAST 

-7277.2 
-7278.3 
-7279.5 
-7280.6 
-7281.7 
-7282.8 
-7283.9 
-7285.0 
-7227.2 
-7228.4 
-7229.5 
-7230.6 
-7231.7 
-7232.8 
-7233.9 
-7235.0 
-71 77.3 
-71 78.4 
-71 78.4 
-71 79.5 
-71 80.6 
-71 81.7 
-71 82.8 
-71 83.9 
-71 85.1 
-71 27.3 
-71 28.4 
-71 28.4 
-71 29.5 
-71 30.6 
-71 31.7 
-71 32.8 
-71 34.0 
-71 35.1 
-7077.3 
-7078.4 
-7078.4 
-7079.5 
-7080.6 
-7081.7 
-7082.9 



SAMPLE GRID 

ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 
WMU 7&30 GAMMA WALKOVER SURVEY 

NORTH 

9+50 
9+00 
12+50 
12+00 
12+00 
1 1 +50 
11 +oo 
10+50 
1 o+oo 
9+50 
9+00 
12+50 
12+00 
12+00 
1 1 +50 
1 1 +oo 
10+50 
1 o+oo 
9+50 
9+00 
12+50 
12+00 
1 1 +50 
1 1 +oo 
10+50 
1 o+oo 
9+50 
9+00 
12+50 
12+00 
11 +50 
1 1 +oo 
10+50 
1 o+oo 
9+50 
9+00 
12+50 
12+00 
1 1 +50 
1 1 +oo 
10+50 

EAST 

12+00 
12+00 
12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
13+00 
13+00 
13+00 
13+00 
13+00 
13+00 
13+00 
13+00 
13+00 
13+50 
13+50 
13+50 
13+50 
13+50 
13+50 
13+50 
13+50 
14+00 
14+00 
14+00 
14+00 
14+00 
14+00 
14+00 
14+00 
14+50 
14+50 
14+50 
14+50 
14+50 

PLANT GRID 
NORTH 

722.2 
672.2 

1021 .o 
971.1 
971.1 
921.1 
871.1 
821.1 
771.1 
721.1 
671.1 

101 9.9 
969.9 
969.9 
920.0 
870.0 
820.0 
770.0 
720.0 
670.0 

101 8.8 
968.8 
91 8.8 
868.9 
81 8.9 
768.9 
71 8.9 
668.9 

101 7.7 
967.7 
91 7.7 
867.7 
81 7.8 
767.8 
71 7.8 
667.8 

101 6.6 
966.6 
91 6.6 
866.6 
81 6.6 

EAST 

-7084.0 
-7085.1 
-7027.3 
-7028.4 
-7028.4 
-7029.5 
-7030.6 
-7031.8 
-7032.9 
-7034.0 
-7035.1 
-6977.3 
-6978.4 
-6978.4 
-6979.5 
-6980.7 
-6981.8 
-6982.9 
-6984.0 
-6985.1 
-6927.3 
-6928.4 
-6929.6 
-6930.7 
-6931.8 
-6932.9 
-6934.0 
-6935.1 
-6877.3 
-6878.5 
-6879.6 
-6880.7 
-6881.8 
-6882.9 
-6884.0 
-6885.1 
-6827.4 
-6828.5 
-6829.6 
-6830.7 
-6831 .8 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 
WMU 7&30 GAMMA WALKOVER SURVEY 

SAMPLE GRID 
NORTH 

1 o+oo 
9+50 
9+00 
12+50 
12+00 
1 1 +50 
1 1 +oo 
10+50 
1 o+oo 
9+50 
9+00 
12+50 
12+00 
1 1 +50 
1 1 +oo 
10+50 
1 o+oo 
9+50 
9+00 
12+50 
12+00 
1 1+50 
1 1 +oo 
10+50 
1 o+oo 
9+50 
9+00 
12+50 
12+00 
1 1 +50 
1 1 +oo 
10+50 
1 o+oo 
9+50 
9+00 
12+50 
12+00 
1 1 +50 
11+00 
10+50 
10+50 

EAST 

14+50 
14+50 
14+50 
15+00 
15+00 
15+00 
15+00 
15+00 
15+00 
15+00 
15+00 
15+50 
15+50 
15+50 
15+50 
15+50 
15+50 
15+50 
15+50 
16+00 
16+00 
16+00 
16+00 
16+00 
16+00 
16+00 
16+00 
16+50 
16+50 
16+50 
16+50 
16+50 
16+50 
16+50 
16+50 
17+00 
17+00 
17+00 
17+00 
17+00 
17+00 

PLANT GRID 
NORTH EAST 

766.6 
71 6.7 
666.7 

101 5.5 
965.5 
91 5.5 
865.5 
81 5.5 
765.5 
71 5.5 
665.6 

1014.4 
964.4 
91 4.4 
864.4 
814.4 
764.4 
714.4 
664.4 

101 3.2 
963.3 
913.3 
863.3 
81 3.3 
763.3 
71 3.3 
663.3 

1012.1 
962.1 
91 2.2 
862.2 
81 2.2 
762.2 
71 2.2 
662.2 

1011.0 
961 .O 
91 1 .o 
861 .O 
81 1.1 
811.1 

-6832.9 
-6834.0 
-6835.2 
-6777.4 
-6778.5 
-6779.6 
-6780.7 
-6781.8 
-6782.9 
-6784.1 
-6785.2 
-6727.4 
-6728.5 
-6729.6 
-6730.7 
-6731.8 
-6733.0 
-6734.1 
-6735.2 
-6677.4 
-6678.5 
-6679.6 
-6680.7 
-6681.9 
-6683.0 
-6684.1 
-6685.2 
-6627.4 
-6628.5 
-6629.6 
-6630.8 
-6631.9 
-6633.0 
-6634.1 
-6635.2 
-6577.4 
-6578.5 
-6579.6 
-6580.8 
-6581.9 
-6581.9 



SAMPLE GRID 

ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 
WMU 7&30 GAMMA WALKOVER SURVEY 

NORTH 

1 o+oo 
9+50 
9+00 
12+50 
12+00 
11+50 
1 1 +oo 
10+50 
1 o+oo 
9+50 
9+00 
12+50 
12+00 
1 1 +50 
1 1 +oo 
10+50 
1 o+oo 
9+50 
9+00 
12+50 
12+00 
1 1 +50 
1 1 +oo 
10+50 
1 o+oo 
9+50 
9+00 
12+50 
12+00 
11+50 
1 1 +oo 
10+50 
1 o+oo 
9+50 
9+00 
12+50 
12+00 
1 1 +50 
11+00 
10+50 
1 o+oo 

EAST 

17+00 
17+00 
17+00 
17+50 
17+50 
17+50 
17+50 
17+50 
17+50 
17+50 
17+50 
18+00 
18+00 
18+00 
18+00 
18+00 
18+00 
18+00 
18+00 
18+50 
18+50 
18+50 
18+50 
18+50 
18+50 
18+50 
18+50 
19+00 
19+00 
19+00 
19+00 
19+00 
19+00 
19+00 
19+00 
19+50 
19+50 
19+50 
19+50 
19+50 
19+50 

PLANT GRID 
NORTH 

761.1 
71 1.1 
661.1 

1009.9 
959.9 
909.9 
859.9 
809.9 
760.0 
71 0.0 
660.0 

1008.8 
958.8 
908.8 
858.8 
808.8 
758.8 
708.9 
658.9 

1007.7 
957.7 
907.7 
857.7 
807.7 
757.7 
707.7 
657.8 

1006.5 
956.6 
906.6 
856.6 
806.6 
756.6 
706.6 
656.6 

1005.4 
955.4 
905.5 
855.5 
805.5 
755.5 

EAST 

-6583.0 
-6584.1 
-6585.2 
-6527.4 
-6528.5 
-6529.7 
-6530.8 
-6531.9 
-6533.0 
-6534.1 
-6535.2 
-6477.4 
-6478.6 
-6479.7 
-6480.8 
-6481.9 
-6483.0 
-6484.1 
-6485.2 
-6427.5 
-6428.6 
-6429.7 
-6430.8 
-6431.9 
-6433.0 
-6434.1 
-6435.3 
-6377.5 
-6378.6 
-6379 -7 
-6380.8 
-6381.9 
-6383.0 
-6384.2 
-6385.3 
-6327.5 
-6328.6 
-6329.7 
-6330.8 
-6331.9 
-6333.1 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 
WMU 7&30 GAMMA WALKOVER SURVEY 

SAMPLE GRID PLANT GRID 
NORTH 

9+50 
9+00 
12+50 
12+00 
11+50 
1 1 +oo 
10+50 
1 o+oo 
9+50 
9+00 
12+50 
12+00 
1 1 +50 
1 1 +oo 
10+50 
1 o+oo 
9+50 
9+00 
12+50 
12+00 
1 1 +50 
1 1 +oo 
10+50 
1 o+oo 
9+50 
9+00 
12+50 
12+00 
1 1 +50 
1 1 +oo 
10+50 
1 o+oo 
9+50 
9+00 

EAST 

19+50 
19+50 
20+00 
20+00 
20+00 
20+00 
20+00 
20+00 
20+00 
20+00 
20+50 
20+50 
20+50 
20+50 
20+50 
20+50 
20+50 
20+50 
21 +oo 
21 +oo 
21 +oo 
21 +oo 
21 +oo 
21 +oo 
21 +oo 
21 +oo 
21 +50 
21 +50 
21 +50 
21 +50 
21 +50 
21 +50 
21 +50 
21 +50 

NORTH 

705.5 
655.5 

1004.3 
954.3 
904.3 
854.4 
804.4 
754.4 
704.4 
654.4 

1003.2 
953.2 
903.2 
853.2 
803.3 
753.3 
703.3 
653.3 

1002.1 
952.1 
902.1 
852.1 
802.1 
752.2 
702.2 
652.2 

1001 .o 
951 .O 
901 .o 
851 .O 
801 .O 
751 .O 
701.1 
651.1 

EAST 

-6334.2 
-6335.3 
-6277.5 
-6278.6 
-6279.7 
-6280.8 
-6282.0 
-6283.1 
-6284.2 
-6285.3 
-6227.5 
-6228.6 
-6229.7 
-6230.9 
-6232.0 
-6233.1 
-6234.2 
-6235.3 
-61 77.5 
-61 78.6 
-61 79.8 
-61 80.9 
-61 82.0 
-61 83.1 
-61 84.2 
-61 85.3 
-61 27.5 
-61 28.7 
-61 29.8 
-61 30.9 
-61 32.0 
-61 33.1 
-61 34.2 
-61 35.3 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

DITCH SOUTH OF WMUs 2 & 3 

SAMPLE GRID PLANT GRID 

oow 
25W 
50W 
75w 

1 oow 
125W 
150W 
175w 
200w 
225W 
250W 
275W 
300W 
325W 
350W 
375w 
400W 
425W 
450W 
475w 
500W 
525W 
550W 
575w 
600W 
625W 
650W 
675W 
700W 
725W 
750W 
775w 
800W 
825W 
850W 
875W 
9oow 
925W 

NORTH 
-1 11 2.8 
-1113.3 
-1113.8 
-1 113.9 
-1 11 3.9 
-1 11 3.9 
-1 114.0 
-1 114.0 
-1 114.0 
-1 114.0 
-1 114.1 
-1 114.1 
-1 114.1 
-1 1 14.2 
-1 114.2 
-1114.2 
-1 114.3 
-1114.3 
-1 11 4.3 
-1 114.3 
-1 114.4 
-1 114.4 
-1 114.4 
-1 114.5 
-1 114.5 
-1 1 14.5 
-1 114.6 
-1 114.6 
-1 1 14.6 
-1 114.7 
-1114.7 
-1 114.6 
-1 114.6 
-1 114.6 
-1 114.5 
-1 114.5 
-1 114.4 
-1 114.4 

EAST 
-561 1.9 
-5636.9 
-5661.9 
-5686.9 
-571 1.9 
-5736.9 
-5761.9 
-5786.9 
-581 1.9 
-5836.9 
-5861.9 
-5886.9 
-591 1.9 
-5936.9 
-5961.9 
-5986.9 
-601 1.9 
-6036.9 
-6061.9 
-6086.9 
-61 11.9 
-61 36.9 
-61 61.9 
-61 86.9 
-621 1.9 
-6236.9 
-6261.9 
-6286.9 
-631 1.9 
-6336.9 
-6361.9 
-6386.9 
-641 1.9 
-6436.9 
-6461.9 
-6486.9 
-651 1.9 
-6536.9 



AlTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

DITCH SOUTH OF WMUs 2 & 3 

SAMPLE GRID PLANT GRID 

950W 
975w 

1 ooow 
1025W 
1050W 
1075W 
1 1 oow 
1125W 
11 50W 
1 175W 
1200w 
1225W 
1250W 
1275W 
1300W 
1325W 
1350W 
1375w 
1400W 
1425W 
1450W 
1475w 
1500W 
1525W 
1550W 
1575w 
1600W 
1620W 
1625W 
1650W 
1675W 

NORTH 
-1 114.3 
-1 1 14.3 
-1 114.2 
-1 1 14.2 
-1 114.2 
-1 114.1 
-1 114.1 
-1114.0 
-1 114.0 
-1113.9 
-1113.9 
-1113.9 
-1113.8 
-1 113.8 
-1113.7 
-1113.7 
-1113.6 
-1113.6 
-1113.6 
-1113.5 
-1 11 3.5 
-1113.4 
-1113.4 
-1113.3 
-1113.3 
-1 11 3.3 
-1112.5 
-1 098.9 
-1 096.2 
-1 079.9 
-1 063.5 

EAST 
-6561.9 
-6586.9 
-661 1.9 
-6636.9 
-6661.9 
-6686.9 
-671 1.9 
-6736.9 
-6761.9 
-6786.9 
-681 1.9 
-6836.9 
-6861 .9 
-6886.9 
-691 1.9 
-6936.9 
-6961.9 
-6986.9 
-701 1.9 
-7036.9 
-7061.9 
-7086.9 
-71 11.9 
-71 36.9 
-71 61.9 
-71 86.9 
-721 1.6 
-7227.4 
-7230.5 
-7249.5 
-7268.4 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

DITCH SOUTH OF WMU 7& 30 
GAMMA WALKOVER SURVEY 

SAMPLE GRID PLANT GRID 
NORTH 

9+00 
9+00 
9+00 
9+00 
9+00 
9+00 
9+00 
9+00 
9+00 
9+00 
9+00 

EAST 

1 o+oo 
10+50 
1 1 +oo 
11+50 
12+00 
12+50 
13+00 
13+50 
14+00 
14+50 
15+00 

NORTH 

676.7 
675.6 
674.5 
673.4 
672.2 
671.1 
670.0 
668.9 
667.8 
666.7 
665.6 

EAST 

-7285.0 
-7235.0 
-71 85.1 
-71 35.1 
-7085.1 
-7035.1 
-6985.1 
-6935.1 
-6885.1 
-6835.2 
-6785.2 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU #1 G.M. MEASUREMENTS 

SAMPLE GRID PLANT GRID 
NORTH 

9+50 
1 o+oo 
10+30 
10+45 
10+50 
8+75 
9+25 
9+75 
10+25 
10+27 
10+30 
10+32 
10+35 
10+47 
8+00 
8+50 
9+00 
9+50 
1 o+oo 
10+33 
10+50 
8+25 
8+75 
9+25 
9+75 
10+25 
10+44 
8+00 
8+50 
9+00 
9+50 
1 o+oo 
10+50 
8+25 
8+75 
9+25 
9+75 
10+25 
8+00 
8+50 
9+00 

EAST 

1 o+oo 
1 o+oo 
10+03 
1 o+oo 
1 o+oo 
10+25 
10+25 
10+25 
10+25 
10+17 
10+19 
10+25 
10+30 
10+22 
10+50 
10+50 
10+50 
10+50 
10+50 
10+40 
10+50 
10+75 
10+75 
10+75 
10+75 
10+75 
10+70 
1 1 +oo 
1 1+00 
11+00 
11+00 
11+00 
1 1 +oo 
1 1 +25 
1 1 +25 
11+25 
11 +25 
11+25 
11+50 
1 1 +50 

NORTH 

-1 767.4 
-1 71 7.4 
-1 687.3 
-1 672.4 
-1 667.4 
-1 842.1 
-1 792.1 
-1 742.1 
-1 692.1 
-1 690.2 
-1 687.1 
-1 685.1 
-1 682.0 
-1 670.1 
-1 91 6.7 
-1 866.7 
-1 81 6.7 
-1 766.8 
-1 71 6.8 
-1 683.9 
-1 666.8 
-1 891.4 
-1 841.4 
-1 791.4 
-1 741.4 
-1 691.4 
-1 672.5 
-1 91 6.1 
-1 866.1 
-1816.1 
-1 766.1 
-1716.1 
-1 666.1 
-1 890.8 
-1 840.8 
-1 790.8 
-1 740.8 
-1 690.8 
-1 91 5.5 
-1 865.5 

EAST 

-7058.2 
-7058.8 
-7056.2 
-7059.3 
-7059.4 
-7032.3 
-7032.9 
-7033.5 
-7034.1 
-7042.1 
-7040.2 
-7034.2 
-7029.2 
-7037.4 
-7006.3 
-7006.9 
-7007.6 
-7008.2 
-7008.8 
-701 9.2 
-7009.4 
-698 1 .6 
-6982.3 
-6982.9 
-6983.5 
-6984.1 
-6989.3 
-6956.3 
-6956.9 
-6957.6 
-6958.2 
-6958.8 
-6959.4 
-6931.6 
-6932.3 
-6932.9 
-6933.5 
-6934.1 
-6906.3 
-6906.9 

1 1 +50 -1 81 5.5 -6907.6 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU #1 G.M. MEASUREMENTS 

SAMPLE GRID PLANT GRID 
NORTH 

9+50 
1 o+oo 
10+30 
10+50 
8+25 
8+75 
9+25 
9+75 
10+25 
10+35 
10+35 
10+35 
8+00 
8+50 
9+00 
9+50 
1 o+oo 
10+35 
10+35 
10+34 
10+50 
8+25 
8+75 
9+25 
9+75 
10+25 
10+34 
10+36 
10+50 
8+00 
8+50 
9+00 
9+50 
9+79 
1 o+oo 
10+36 
10+34 
10+34 
10+50 
10+48 
8+25 

EAST 

1 1 +50 
11+50 
11+60 
1 1 +50 
1 1 +75 
1 1 +75 
1 1 +75 
1 1 +75 
1 1 +75 
1 1 +70 
1 1 +75 
1 1 +77 
12+00 
12+00 
12+00 
12+00 
12+00 
1 1 +90 
1 1 +98 
12+00 
12+00 
12+25 
12+25 
12+25 
12+25 
12+25 
12+23 
12+25 
12+25 
12+50 
12+50 
12+50 
12+50 
12+47 
12+50 
12+45 
12+47 
12+50 
12+50 
12+47 
12+75 

NORTH 

-1 765.5 
-1 71 5.5 
-1 685.4 
-1 665.5 
-1 890.2 
-1 840.2 
-1 790.2 
-1 740.2 
-1 690.2 
-1 680.3 
-1 680.2 
-1 680.2 
-1 91 4.9 
-1 864.9 
-1814.9 
-1 764.9 
-1714.9 
-1 680.0 
-1 679.9 
-1 680.9 
-1 664.9 
-1 889.6 
-1 839.6 
-1 789.6 
-1 739.6 
-1 689.6 
-1 680.6 
-1 678.6 
-1 664.6 
-1 91 4.3 
-1 864.3 
-1 81 4.3 
-1 764.3 
-1 735.3 
-1 71 4.3 
-1 678.4 
-1 680.3 
-1 680.3 
-1 664.3 
-1 666.3 
-1 889.0 

EAST 

-6908.2 
-6908.8 
-6899.2 
-6909.4 
-6881.6 
-6882.3 
-6882.9 
-6883.5 
-6884.1 
-6889.2 
-6884.2 
-6882.2 
-6856.3 
-6856.9 
-6857.6 
-6858.2 
-6858.8 
-6869.2 
-6861.2 
-6859.2 
-6859.4 
-6831.6 
-6832.3 
-6832.9 
-6833.5 
-6834.1 
-6836.2 
-6834.2 
-6834.4 
-6806.3 
-6807.0 
-6807.6 
-6808.2 
-681 1.5 
-6808.8 
-681 4.2 
-681 2.2 
-6809.2 
-6809.4 
-681 2.4 
-6781.6 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU #1 G.M. MEASUREMENTS 

SAMPLE GRID 
NORTH 

8+75 
9+25 
9+56 
9+75 
10+25 
10+36 
10+42 
10+48 
8+00 
8+50 
9+00 
9+50 
9+64 
9+64 
1 o+oo 
10+50 
8+25 
8+75 
9+25 
9+75 
10+25 
10+50 
8+00 
8+50 
9+00 
9+50 
1 o+oo 
10+50 
8+25 
8+75 
9+25 
9+75 
10+25 
8+50 
9+00 
9+50 
1 o+oo 
10+50 
8+75 
10+50 

EAST 

21 +75 
12+75 
12+70 
12+75 
12+75 
12+65 
12+65 
12+69 
13+00 
13+00 
13+00 
13+00 
13+09 
13+14 
13+00 
13+00 
13+25 
13+25 
13+25 
13+25 
13+38 
13+50 
13+50 
13+50 
13+50 
13+50 
13+50 
13+50 
13+75 
13+75 
13+75 
13+75 
13+75 
14+00 
14+00 
14+00 
14+00 
14+00 
14+25 
12+50 

PLANT GRID 
NORTH EAST 

-1 827.9 
-1 789.0 
-1 758.0 
-1 739.0 
-1 689.0 
-1 678.1 
-1672.1 
-1 666.1 
-1 91 3.7 
-1 863.7 
-1 81 3.7 
-1 763.7 
-1 749.6 
-1 749.5 
-1 71 3.7 
-1 663.7 
-1 888.4 
-1 838.4 
-1 788.4 
-1 738.4 
-1 688.2 
-1 663.1 
-1 91 3.1 
-1 863.1 
-1 81 3.1 
-1 763.1 
-1 71 3.1 
-1 663.1 
-1 887.7 
-1 837.8 
-1 787.8 
-1 737.8 
-1 687.8 
-1 862.4 
-1 81 2.4 
-1 762.4 
-1 71 2.4 
-1 662.4 
-1 837.1 
-1 664.3 

-5882.3 
-6782.9 
-6788.3 
-6783.5 
-6784.1 
-6794.2 
-6794.3 
-6790.4 
-6756.3 
-6757.0 
-6757.6 
-6758.2 
-6749.4 
-6744.4 
-6758.8 
-6759.4 
-6731.6 
-6732.3 
-6732.9 
-6733.5 
-6721.1 
-6709.4 
-6706.3 
-6707.0 
-6707.6 
-6708.2 
-6708.8 
-6709.4 
-6681.6 
-6682.3 
-6682.9 
-6683.5 
-6684.1 
-6657.0 
-6657.6 
-6658.2 
-6658.8 
-6659.4 
-6632.3 
-6809.4 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU #1 G.M. MEASUREMENTS 

SAMPLE GRID 
NORTH 

9+25 
9+75 
10+25 
8+50 
9+00 
9+50 
1 o+oo 
10+50 
8+75 
9+25 
9+75 
9+25 
9+00 
9+50 
1 o+oo 
10+25 
10+50 
9+25 
9+75 
10+25 
10+45 
10+33 
10+51 
10+51 

EAST 

14+25 
14+25 
14+25 
14+50 
14+50 
14+50 
14+50 
14+50 
14+75 
14+75 
14+75 
14+75 
15+00 
15+00 
15+00 
15+03 
15+00 
15+25 
15+25 
15+25 
9+85 
9+86 
12+68 
14+14 

LIMITS OF WMU1 SAMPLE AREA 

8+00 10+50 
9+00 1 o+oo 
10+50 1 o+oo 
10+50 15+50 
9+00 15+50 
8+00 13+50 

PLANT GRID 
NORTH EAST 

-1 787.1 
-1 737.1 
-1 687.1 
-1 861.8 
-1 81 1.8 
-1 761.8 
-1711.8 
-1 661.8 
-1 836.5 
-1 786.5 
-1 736.5 
-1 786.5 
-1811.2 
-1 761.2 
-1 71 1.2 
-1 686.2 
-1 661.2 
-1 785.9 
-1 735.9 
-1 685.9 
-1 672.6 
-1 684.5 
-1 663.1 
-1 661.3 

-6632.9 
-6633.5 
-6634.1 
-6607.0 
-6607.6 
-6608.2 
-6608.8 
-6609.4 
-6582.3 
-6582.9 
-6583.5 
-6582.9 
-6557.6 
-6558.2 
-6558.8 
-6556.1 
-6559.4 
-6532.9 
-6533.5 
-6534.1 
-7074.3 
-7073.2 
-6791.4 
-6645.4 

-1 91 6.7 -7006.3 
-1 81 1.2 -7058.2 
-1 667.4 -7059.4 
-1 660.6 -6509.4 
-1 81 0.6 -6507.6 
-1 91 3.1 -6706.3 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU #4 G.M. MEASUREMENTS 

SAMPLE GRID 
NORTH 

9+25 
9+75 
10+25 
10+75 
11+25 
1 1 +75 
12+25 
12+75 
13+25 
9+00 
9+50 
1 o+oo 
10+50 
1 1 +oo 
11+50 
12+00 
12+50 
13+00 
13+50 
9+25 
9+75 
10+25 
10+75 
1 1 +25 
1 1 +75 
12+25 
12+75 
13+25 
9+00 
9+50 
1 o+oo 
10+50 
1 1 +oo 
1 1 +50 
12+00 
12+50 
13+00 
13+50 
9+25 
9+75 
10+25 

EAST 

9+25 
9+25 
9+25 
9+25 
9+25 
9+25 
9+25 
9+25 
9+25 
9+50 
9+50 
9+50 
9+50 
9+50 
9+50 
9+50 
9+50 
9+50 
9+50 
9+75 
9+75 
9+75 
9+75 
9+75 
9+75 
9+75 
9+75 
9+75 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
1 o+oo 
10+25 
10+25 
10+25 

PLANT GRID 
NORTH EAST 

-1 568.6 
-1 51 8.6 
-1 468.6 
-1 41 8.6 
-1368.6 
-1 31 8.7 
-1 268.7 
-1 21 8.7 
-1 168.7 
-1 593.8 
-1 543.8 
-1 493.8 
-1443.8 
-1 393.8 
-1 343.8 
-1 293.8 
-1 243.9 
-1 193.9 
-1 143.9 
-1 569.0 
-1 51 9.0 
-1469.0 
-1 41 9.0 
-1 369.0 
-1 31 9.0 
-1 269.0 
-1 21 9.0 
-1169.1 
-1 594.1 
-1544.1 
-1 494.1 
-1444.2 
-1 394.2 
-1 344.2 
-1 294.2 
-1 244.2 
-1 194.2 
-1 144.2 
-1 569.3 
-1 51 9.3 
-1 469.3 

-6503.0 
-6502.6 
-6502.3 
-6501.9 
-6501.6 
-6501.2 
-6500.9 
-6500.5 
-6500.2 
-6478.2 
-6477.8 
-6477.5 
-6477.1 
-6476.8 
-6476.4 
-6476.0 
-6475.7 
-6475.3 
-6475.0 
-6453.0 
-6452.6 
-6452.3 
-6451.9 
-6451.6 
-6451 -2 
-6450.9 
-6450.5 
-6450.2 
-6428.2 
-6427.8 
-6427.5 
-6427.1 
-6426.8 
-6426.4 
-6426.1 
-6425.7 
-6425.4 
-6425.0 
-6403.0 
-6402.7 
-6402.3 



SAMPLE GRID 

ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU #4 G.M. MEASUREMENTS 

NORTH 

10+75 
1 1 +25 
1 1 +75 
12+25 
12+75 
13+25 
9+00 
9+50 
1 o+oo 
10+50 
1 1 +oo 
1 1 +50 
12+00 
12+50 
13+00 
13+50 
9+25 
9+75 
10+25 
10+75 
1 1 +25 
11+75 
12+25 
12+75 
13+25 
9+00 
9+50 
1 o+oo 
10+50 
1 1 +oo 
11+50 
12+00 
12+50 
13+00 
13+50 
9+25 
9+75 
10+25 
10+75 
1 1 +25 
1 1 +75 

EAST 

10+25 
10+25 
10+25 
10+25 
10+25 
10+25 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+75 
10+75 
10+75 
10+75 
10+75 
10+75 
10+75 
10+75 
10+75 
1 1 +oo 
1 1 +oo 
1 1 +oo 
11+00 
1 1 +oo 
11+00 
1 1 +oo 
11+00 
1 1 +oo 
1 1 +oo 
1 1 +25 
11+25 
1 1 +25 
1 1 +25 
11+25 
1 1 +25 

PLANT GRID 
NORTH 

-1 41 9.3 
-1 369.4 
-1 31 9.4 
-1 269.4 
-1 21 9.4 
-1 169.4 
-1 594.5 
-1 544.5 
-1 494.5 
-1 444.5 
-1 394.5 
-1 344.5 
-1 294.5 
-1 244.6 
-1 194.6 
-1 144.6 
-1 569.7 
-1 51 9.7 
-1 469.7 
-1 41 9.7 
-1 369.7 
-1 31 9.7 
-1 269.7 
-1 21 9.7 
-1 169.8 
-1 594.8 
-1 544.8 
-1 494.8 
-1 444.9 
-1 394.9 
-1344.9 
-1 294.9 
-1 244.9 
-1 194.9 
-1 144.9 
-1 570.0 
-1 520.0 
-1 470.0 
-1 420.0 
-1 370.1 
-1 320.1 

EAST 

-6401.9 
-6401 -6 
-6401.2 
-6400.9 
-6400.5 
-6400.2 
-6378.2 
-6377.8 
-6377.5 
-6377.1 
-6376.8 
-6376.4 
-6376.1 
-6375.7 
-6375.4 
-6375.0 
-6353.0 
-6352.7 
-6352.3 
-6352.0 
-6351.6 
-6351.3 
-6350.9 
-6350.6 
-6350.2 
-6328.2 
-6327.8 
-6327.5 
-6327.1 
-6326.8 
-6326.4 
-6326.1 
-6325.7 
-6325.4 
-6325.0 
-6303.0 
-6302.7 
-6302.3 
-6302.0 
-6301.6 
-6301.3 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU #4 G.M. MEASUREMENTS 

SAMPLE GRID 
NORTH 

12+25 
12+75 
13+25 
9+00 
9+50 
1 o+oo 
10+50 
1 1 +oo 
1 1 +50 
12+00 
12+50 
13+00 
13+50 
9+25 
9+75 
10+25 
10+75 
11+25 
1 1 +75 
12+25 
12+75 
13+25 
9+00 
1 o+oo 
10+50 
1 1 +oo 
1 1 +50 
12+00 
12+50 
13+00 
13+50 
9+25 
9+75 
10+25 
10+75 
1 1 +25 
1 1 +75 
12+25 
12+75 
13+25 
9+00 

EAST 

1 1 +25 
11+25 
11+25 
1 1 +50 
1 1 +50 
11+50 
11+50 
1 1 +50 
11+50 
1 1 +50 
1 1 +50 
1 1 +50 
11+50 
1 1 +75 
1 1 +75 
1 1 +75 
1 1 +75 
1 1 +75 
1 1 +75 
1 1 +75 
1 1 +75 
1 1 +75 
12+00 
12+00 
12+00 
12+00 
12+00 
12+00 
12+00 
12+00 
12+00 
12+25 
12+25 
12+25 
12+25 
12+25 
12+25 
12+25 
12+25 
12+25 
12+50 

PLANT GRID 
NORTH EAST 

-1 270.1 
-1 220.1 
-1170.1 
-1 595.2 
-1 545.2 
-1495.2 
-1445.2 
-1 395.2 
-1 345.2 
-1 295.3 
-1 245.3 
-1 195.3 
-1 145.3 
-1 570.4 
-1 520.4 
-1 470.4 
-1 420.4 
-1 370.4 
-1 320.4 
-1 270.4 
-1 220.4 
-1 170.5 
-1595.5 
-1 495.6 
-1 445.6 
-1 395.6 
-1 345.6 
-1 295.6 
-1 245.6 
-1 195.6 
-1 145.6 
-1 570.7 
-1 520.7 
-1 470.7 
-1 420.7 
-1 370.8 
-1 320.8 
-1 270.8 
-1 220.8 
-1 170.8 
-1 595.9 

-6300.9 
-6300.6 
-6300.2 
-6278.2 
-6277.9 
-6277.5 
-6277.2 
-6276.8 
-6276.5 
-6276.1 
-6275.7 
-6275.4 
-6275.0 
-6253.0 
-6252.7 
-6252.3 
-6252.0 
-6251.6 
-6251.3 
-6250.9 
-6250.6 
-6250.2 
-6228.2 
-6227.5 
-6227.2 
-6226.8 
-6226.5 
-6226.1 
-6225.8 
-6225.4 
-6225.1 
-6203.1 
-6202.7 
-6202.4 
-6202.0 
-6201.6 
-6201.3 
-6200.9 
-6200.6 
-6200.2 
-61 78.2 



SAMPLE GRID 

ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU #4 G.M. MEASUREMENTS 

NORTH 

9+50 
1 o+oo 
10+50 
1 1 +oo 
1 1 +50 
12+00 
12+50 
13+00 
13+50 
9+25 
9+75 
10+25 
10+75 
11 +25 
11+75 
12+25 
12+75 
13+25 
9+00 
9+50 
1 o+oo 
10+50 
1 1 +oo 
11+50 
12+00 
12+50 
13+00 
13+50 
9+25 
9+75 
10+25 
10+75 
1 1 +25 
1 1 +75 
12+25 
12+75 
13+25 
9+00 
9+50 
1 o+oo 
10+50 

EAST 

12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+75 
12+75 
12+75 
12+75 
12+75 
12+75 
12+75 
12+75 
12+75 
13+00 
13+00 
13+00 
13+00 
13+00 
13+00 
13+00 
13+00 
13+00 
13+00 
13+25 
13+25 
13+25 
13+25 
13+25 
13+25 
13+25 
13+25 
13+25 
13+50 
13+50 
13+50 
13+50 

PLANT GRID 
NORTH 

-1 545.9 
-1 495.9 
-1 445.9 
-1 395.9 
-1 345.9 
-1 296.0 
-1 246.0 
-1 196.0 
-1 146.0 
-1571.1 
-1 521.1 
-1471.1 
-1421.1 
-1 371.1 
-1321.1 
-1271.1 
-1 221.2 
-1171.2 
-1 596.2 
-1 546.2 
-1496.3 
-1 446.3 
-1 396.3 
-1 346.3 
-1296.3 
-1 246.3 
-1 196.3 
-1 146.3 
-1 571.4 
-1 521.4 
-1 471.4 
-1 421.5 
-1 371.5 
-1 321.5 
-1 271.5 
-1 221.5 
-1 171.5 
-1 596.6 
-1 546.6 
-1 496.6 
-1 446.6 

EAST 

-61 77.9 
-61 77.5 
-61 77.2 
-61 76.8 
-61 76.5 
-61 76.1 
-61 75.8 
-61 75.4 
-61 75.1 
-61 53.1 
-61 52.7 
-61 52.4 
-61 52.0 
-61 51.7 
-61 51.3 
-61 51 .O 
-61 50.6 
-61 50.2 
-61 28.3 
-6127.9 
-61 27.5 
-61 27.2 
-61 26.8 
-61 26.5 
-61 26.1 
-6125.8 
-61 25.4 
-61 25.1 
-61 03.1 
-61 02.7 
-61 02.4 
-61 02.0 
-61 01.7 
-61 01.3 
-61 01 .O 
-61 00.6 
-61 00.3 
-6078.3 
-6077.9 
-6077.6 
-6077.2 



SAMPLE GRID 

ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU #4 G.M. MEASUREMENTS 

NORTH 

11+00 
1 1 +50 
12+00 
12+50 
13+00 
13+50 
9+25 
9+75 
10+25 
10+75 
1 1 +25 
1 1 +75 
12+25 
12+75 
13+25 
9+00 
9+50 
1 o+oo 
10+50 
1 1 +oo 
11+50 
12+00 
12+50 
13+00 
13+50 
9+25 
9+75 
10+25 
10+75 
11+25 
1 1 +75 
12+25 
12+75 
13+25 
9+00 
9+50 
1 o+oo 
10+50 
1 1 +oo 
1 1 +50 
12+00 

EAST 

13+50 
13+50 
13+50 
13+50 
13+50 
13+50 
13+75 
13+75 
13+75 
13+75 
13+75 
13+75 
13+75 
13+75 
13+75 
14+00 
14+00 
14+00 
14+00 
14+00 
14+00 
14+00 
14+00 
14+00 
14+00 
14+25 
14+25 
14+25 
14+25 
14+25 
14+25 
14+25 
14+25 
14+25 
14+50 
14+50 
14+50 
14+50 
14+50 
14+50 
14+50 

PLANT GRID 
NORTH 

-1 396.6 
-1 346.6 
-1 296.7 
-1 246.7 
-1 196.7 
-1 146.7 
-1 571.8 
-1 521.8 
-1 471.8 
-1 421.8 
-1 371.8 
-1321.8 
-1 271.8 
-1221.9 
-1171.9 
-1 596.9 
-1 547.0 
-1 497.0 
-1 447.0 
-1 397.0 
-1 347.0 
-1 297.0 
-1 247.0 
-1 197.0 
-1 147.1 
-1 572.1 
-1 522.1 
-1472.1 
-1 422.2 
-1 372.2 
-1 322.2 
-1 272.2 
-1 222.2 
-1 172.2 
-1 597.3 
-1547.3 
-1497.3 
-1 447.3 
-1 397.3 
-1 347.4 
-1 297.4 

EAST 

-6076.9 
-6076.5 
-6076.1 
-6075.8 
-6075.4 
-6075.1 
-6053.1 
-6052.7 
-6052.4 
-6052.0 
-6051.7 
-6051.3 
-6051 .O 
-6050.6 
-6050.3 
-6028.3 
-6027.9 
-6027.6 
-6027.2 
-6026.9 
-6026.5 
-6026.2 
-6025.8 
-6025.5 
-6025.1 
-6003.1 
-6002.8 
-6002.4 
-6002.0 
-6001.7 
-6001.3 
-6001 .O 
-6000.6 
-6000.3 
-5978.3 
-5977.9 
-5977.6 
-5977.2 
-5976.9 
-5976.5 
-5976.2 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU #4 G.M. MEASUREMENTS 

SAMPLE GRID 
NORTH 

12+50 
13+00 
13+50 
9+25 
9+75 
10+25 
10+75 
11+25 
11+75 
12+25 
12+75 
13+25 
9+00 
9+50 
1 o+oo 
10+50 
1 1 +oo 
1 1 +50 
12+00 
12+50 
13+00 
13+50 
9+25 
9+75 
10+25 
10+75 
1 1 +25 
1 1 +75 
12+25 
12+75 
13+25 
13+40 
13+40 
13+40 
13+40 
13+40 
13+40 
13+40 
13+40 
13+40 
13+40 

EAST 

14+50 
14+50 
14+50 
14+75 
14+75 
14+75 
14+75 
14+75 
14+75 
14+75 
14+75 
14+75 
15+00 
15+00 
15+00 
15+00 
15+00 
15+00 
15+00 
15+00 
15+00 
15+00 
15+25 
15+25 
15+25 
15+25 
15+25 
15+25 
15+25 
15+25 
15+25 
9+75 
10+25 
10+75 
1 1 +25 
1 1 +75 
12+25 
12+75 
13+25 
13+75 
14+25 

PLANT GRID 
NORTH EAST 

-1 247.4 
-1 197.4 
-1 147.4 
-1 572.5 
-1 522.5 
-1 472.5 
-1 422.5 
-1 372.5 
-1 322.5 
-1272.5 
-1 222.6 
-1 172.6 
-1 597.6 
-1 547.7 
-1497.7 
-1447.7 
-1 397.7 
-1 347.7 
-1 297.7 
-1 247.7 
-1 197.7 
-1 147.8 
-1 572.8 
-1 522.8 
-1 472.9 
-1 422.9 
-1 372.9 
-1 322.9 
-1 272.9 
-1 222.9 
-1 172.9 
-1 154.1 
-1 154.4 
-1 154.8 
-1155.1 
-1 155.5 
-1 155.8 
-1 156.2 
-1 156.5 
-1 156.9 
-1 157.2 

-5975.8 
-5975.5 
-5975.1 
-5953.1 
-5952.8 
-5952.4 
-5952.1 
-5951 -7 
-5951.4 
-5951 .O 
-5950.7 
-5950.3 
-5928.3 
-5927.9 
-5927.6 
-5927.2 
-5926.9 
-5926.5 
-5926.2 
-5925.8 
-5925.5 
-5925.1 
-5903.1 
-5902.8 
-5902.4 
-5902.1 
-5901.7 
-5901.4 
-5901 .O 
-5900.7 
-5900.3 
-6450.1 
-6400.1 
-6350.1 
-6300.1 
-6250.1 
-6200.1 
-61 50.1 
-61 00.2 
-6050.2 
-6000.2 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU #4 G.M. MEASUREMENTS 

SAMPLE GRID PLANT GRID 
NORTH EAST NORTH EAST 

13+40 14+75 -1 157.6 -5950.2 

LIMITS OF WMU4 SAMPLE AREA 

13+50 15+50 
8+75 15+50 
8+75 9+00 
13+50 9+00 
8+92 9+60 

-1 148.1 -5875.1 
-1 623.0 -5878.5 
-1 61 8.4 -6528.3 
-1 143.5 -6525.0 
-1 601.8 -6468.2 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU 7&30 G.M. MEASUREMENTS 

SAMPLE GRID PLANT GRID 
NORTH 

9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 
9+67 

EAST 

10+50 
1 1 +oo 
11+25 
1 1 +50 
1 1 +75 
12+00 
12+25 
12+50 
12+75 
13+00 
13+25 
13+50 
13+75 
14+00 
14+25 
14+50 
14+75 
15+00 
15+25 
15+50 
15+75 
16+00 
16+25 
16+50 
16+75 
17+00 
17+25 
17+50 
17+75 
18+00 
18+25 
18+50 
18+75 
19+00 
19+25 
19+50 
19+75 
20+00 
20+25 
20+50 
20+75 

NORTH 

741.5 
741.5 
740.9 
740.3 
739.8 
739.2 
738.7 
738.1 
737.6 
737.0 
736.4 
735.9 
735.3 
734.8 
734.2 
733.7 
733.1 
732.5 
732.0 
731.4 
730.9 
730.3 
729.8 
729.2 
728.6 
728.1 
727.5 
727.0 
726.4 
725.9 
725.3 
724.7 
724.2 
723.6 
723.1 
722.5 
722.0 
721.4 
720.8 
720.3 
71 9.7 

EAST 

-7233.6 
-71 83.6 
-71 58.6 
-71 33.6 
-71 08.6 
-7083.6 
-7058.6 
-7033.6 
-7008.6 
-6983.6 
-6958.6 
-6933.6 
-6908.6 
-6883.6 
-6858.7 
-6833.7 
-6808.7 
-6783.7 
-6758.7 
-6733.7 
-6708.7 
-6683.7 
-6658.7 
-6633.7 
-6608.7 
-6583.7 
-6558.7 
-6533.7 
-6508.7 
-6483.8 
-6458.8 
-6433.8 
-6408.8 
-6383.8 
-6358.8 
-6333.8 
-6308.8 
-6283.8 
-6258.8 
-6233.8 
-6208.8 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU 7&30 G.M. MEASUREMENTS 

SAMPLE GRID PLANT GRID 
NORTH 

9+67 
9+67 
9+67 
9+67 
9+75 
10+25 
10+75 
1 1 +25 
1 1 +75 
9+50 
1 o+oo 
10+50 
1 1 +oo 
11+50 
12+00 
9+75 
10+25 
10+53 
10+75 
1 1 +25 
1 1 +75 
12+25 
9+50 
9+94 
1 o+oo 
10+50 
11+00 
11 +50 
12+00 
9+72 
9+75 
10+25 
10+75 
1 1 +25 
1 1 +75 
12+25 
9+50 
1 o+oo 
10+50 
1 1 +oo 
1 1 +50 

EAST 

21 +oo 
21 +25 
21 +50 
10+50 
10+25 
10+25 
10+25 
10+25 
10+25 
10+50 
10+50 
10+50 
10+50 
10+50 
10+50 
10+75 
10+75 
10+78 
10+75 
10+75 
10+75 
10+75 
1 1 +oo 
10+92 
11+00 
1 1 +oo 
1 1 +oo 
11+00 
1 1 +oo 
11+12 
1 1 +25 
1 1 +25 
1 1 +25 
1 1 +25 
11+25 
1 1 +25 
11+50 
1 1 +50 
11+50 
1 1 +50 
1 1 +50 

NORTH 

71 9.2 
71 8.6 
718.1 
742.6 
751.1 
801.1 
851.1 
901.1 
951.1 
725.6 
775.6 
825.6 
875.5 
925.5 
975.5 
750.0 
800.0 
827.9 
850.0 
900.0 
950.0 
999.9 
724.5 
768.6 
774.5 
824.4 
874.4 
924.4 
974.4 
746.2 
748.9 
798.9 
848.9 
898.9 
948.8 
998.8 
723.4 
773.3 
823.3 
873.3 
923.3 

EAST 

-61 83.8 
-61 58.8 
-61 33.8 
-7233.6 
-7258.4 
-7257.3 
-7256.1 
-7255.0 
-7253.9 
-7233.9 
-7232.8 
-7231.7 
-7230.6 
-7229.5 
-7228.4 
-7208.4 
-7207.3 
-7203.6 
-7206.2 
-7205.0 
-7203.9 
-7202.8 
-71 83.9 
-71 91 .O 
-71 82.8 
-71 81.7 
-71 80.6 
-71 79.5 
-71 78.4 
-71 71.5 
-71 58.4 
-71 57.3 
-71 56.2 
-71 55.1 
-71 53.9 
-71 52.8 
-71 34.0 
-71 32.8 
-71 31.7 
-71 30.6 
-71 29.5 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU 7&30 G.M. MEASUREMENTS 

SAMPLE GRID PLANT GRID 
NORTH 

12+00 
9+75 
10+25 
10+75 
1 1 +25 
1 1 +75 
12+25 
9+50 
1 o+oo 
10+09 
10+06 
10+50 
11+00 
11+50 
12+00 
9+75 
10+25 
10+75 
1 1 +04 
1 1 +25 
1 1 +75 
12+25 
9+50 
1 o+oo 
10+50 
11 +oo 
1 1 +50 
12+00 
9+75 
9+98 
10+25 
10+75 
11+25 
11+75 
12+25 
9+50 
9+70 
1 o+oo 
10+50 
1 1 +oo 
1 1 +50 

EAST 

1 1 +50 
1 1 +75 
1 1 +75 
1 1 +75 
1 1 +75 
1 1 +75 
11 +75 
12+00 
12+00 
1 1 +97 
12+05 
12+00 
12+00 
12+00 
12+00 
12+25 
12+25 
12+25 
12+18 
12+25 
12+25 
12+25 
12+50 
12+50 
12+50 
12+50 
12+50 
12+50 
12+75 
12+78 
12+75 
12+75 
12+75 
12+75 
12+75 
13+00 
13+08 
13+00 
13+00 
13+00 
13+00 

NORTH 

973.3 
747.8 
797.8 
847.8 
897.7 
947.7 
997.7 
722.2 
772.2 
781.3 
778.1 
822.2 
872.2 
922.2 
972.2 
746.7 
796.7 
846.6 
875.8 
896.6 
946.6 
996.6 
721.1 
771.1 
821.1 
871.1 
921.1 
971.1 
745.6 
768.5 
795.5 
845.5 
895.5 
945.5 
995.5 
720.0 
739.8 
770.0 
820.0 
870.0 
920.0 

EAST 

-71 28.4 
-71 08.4 
-71 07.3 
-71 06.2 
-71 05.1 
-71 04.0 
-71 02.8 
-7084.0 
-7082.9 
-7085.7 
-7077.7 
-7081.7 
-7080.6 
-7079.5 
-7078.4 
-7058.4 
-7057.3 
-7056.2 
-7062.5 
-7055.1 
-7054.0 
-7052.9 
-7034.0 
-7032.9 
-7031.8 
-7030.6 
-7029.5 
-7028.4 
-7008.4 
-7004.9 
-7007.3 
-7006.2 
-7005.1 
-7004.0 
-7002.9 
-6984.0 
-6975.6 
-6982.9 
-6981 -8 
-6980.7 
-6979.5 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU 7&30 G.M. MEASUREMENTS 

SAMPLE GRID PLANT GRID 
NORTH 

12+00 
9+75 
10+25 
10+75 
1 1 +25 
1 1 +75 
12+04 
12+25 
9+50 
1 o+oo 
10+50 
11 +oo 
1 1 +50 
12+00 
9+75 
9+87 
10+25 
10+34 
10+75 
1 1 +25 
11+75 
12+25 
9+50 
9+80 
1 o+oo 
10+50 
1 1 +oo 
11+50 
12+00 
9+75 
10+25 
10+40 
10+75 
11+25 
1 1 +38 
11+75 
1 1 +75 
12+25 
9+50 
9+91 
1 o+oo 

EAST 

13+00 
13+25 
13+25 
13+25 
13+25 
13+25 
13+25 
13+25 
13+50 
13+50 
13+50 
13+50 
13+50 
13+50 
13+75 
13+85 
13+75 
13+75 
13+75 
13+75 
13+75 
13+75 
14+00 
14+05 
14+00 
14+00 
14+00 
14+00 
14+00 
14+25 
14+25 
14+40 
14+25 
14+25 
14+42 
14+25 
14+50 
14+25 
14+50 
14+52 
14+50 

NORTH 

969.9 
744.4 
794.4 
844.4 
894.4 
944.4 
973.4 
994.4 
718.9 
768.9 
81 8.9 
868.9 
91 8.8 
968.8 
743.3 
755.1 
793.3 
802.3 
843.3 
893.3 
943.3 
993.3 
71 7.8 
747.7 
767.8 
81 7.8 
867.7 
91 7.7 
967.7 
742.2 
792.2 
806.9 
842.2 
892.2 
904.8 
942.2 
941.6 
992.1 
71 6.7 
757.6 
766.6 

EAST 

-6978.4 
-6958.5 
-6957.3 
-6956.2 
-6955.1 
-6954.0 
-6953.3 
-6952.9 
-6934.0 
-6932.9 
-6931.8 
-6930.7 
-6929.6 
-6928.4 
-6908.5 
-6898.2 
-6907.3 
-6907.1 
-6906.2 
-6905.1 
-6904.0 
-6902.9 
-6884.0 
-6878.4 
-6882.9 
-6881.8 
-6880.7 
-6879.6 
-6878.5 
-6858.5 
-6857.4 
-6842.0 
-6856.2 
-6855.1 
-6837.8 
-6854.0 
-6829.0 
-6852.9 
-6834.0 
-6831.1 
-6832.9 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU 7&30 G.M. MEASUREMENTS 

SAMPLE GRID PLANT GRID 
NORTH 

10+50 
10+57 
1 1 +oo 
1 1 +50 
12+00 
9+75 
10+25 
10+75 
10+99 
11+25 
11 +48 
1 1 +75 
12+01 
12+25 
9+50 
1 o+oo 
10+19 
10+50 
1 1 +oo 
1 1 +50 
12+00 
1 1 +75 
9+75 
9+90 
10+25 
10+50 
10+58 
10+75 
1 1 +25 
1 1 +37 
1 1 +75 
12+04 
12+25 
9+50 
1 o+oo 
10+50 
1 1 +oo 
1 1 +50 
12+00 
9+75 
10+25 

EAST 

14+50 
14+50 
14+50 
14+50 
14+50 
14+75 
14+75 
14+75 
14+69 
14+75 
14+85 
14+75 
14+74 
14+75 
15+00 
15+00 
14+95 
15+00 
15+00 
15+00 
15+00 
15+01 
15+25 
15+35 
15+25 
15+30 
15+25 
15+25 
15+25 
15+19 
15+25 
15+10 
15+25 
15+50 
15+50 
15+50 
15+50 
15+50 
15+50 
15+75 
15+75 

NORTH 

81 6.6 
823.6 
866.6 
91 6.6 
966.6 
741.1 
791.1 
841.1 
865.2 
891.1 
91 3.8 
941 .O 
967.1 
991 .o 
71 5.5 
765.5 
784.6 
81 5.5 
865.5 
91 5.5 
965.5 
940.5 
740.0 
754.8 
790.0 
81 4.9 
823.0 
840.0 
889.9 
902.1 
939.9 
969.3 
989.9 
714.4 
764.4 
814.4 
864.4 
914.4 
964.4 
738.9 
788.9 

EAST 

-6831.8 
-6831.7 
-6830.7 
-6829.6 
-6828.5 
-6808.5 
-6807.4 
-6806.3 
-681 1.7 
-6805.1 
-6794.6 
-6804.0 
-6804.5 
-6802.9 
-6784.1 
-6782.9 
-6787.5 
-6781.8 
-6780.7 
-6779.6 
-6778.5 
-6778.0 
-6758.5 
-6748.2 
-6757.4 
-6751.8 
-6756.7 
-6756.3 
-6755.2 
-6760.9 
-6754.0 
-6768.4 
-6752.9 
-6734.1 
-6733.0 
-6731.8 
-6730.7 
-6729.6 
-6728.5 
-6708.5 
-6707.4 



ATTACHMENT 3-0 
COORDINATE SYSTEM INTERCOMPARISON 

WMU 7&30 G.M. MEASUREMENTS 

SAMPLE GRID PLANT GRID 
NORTH 

10+76 
10+59 
10+75 
11+25 
1 1 +75 
12+25 
9+50 
9+75 
1 o+oo 
10+50 
1 1 +oo 
1 1 +47 
1 1 +50 
1 1 +62 
12+00 
9+75 
9+85 
10+25 
10+37 
10+68 
10+75 
1 1 +25 
1 1 +75 
1 1 +75 
12+25 
9+50 
1 o+oo 
10+47 
10+50 
10+98 
11 +oo 
1 1 +50 
12+00 
9+75 
9+75 
10+25 
10+75 
1 1 +30 
1 1 +25 
1 1 +65 
1 1 +75 

EAST 

15+85 
15+65 
15+75 
15+75 
15+75 
15+75 
16+00 
15+99 
16+00 
16+00 
16+00 
15+90 
16+00 
15+92 
16+00 
16+25 
16+48 
16+25 
16+44 
16+49 
16+25 
16+25 
16+25 
16+42 
16+25 
16+50 
16+50 
16+60 
16+50 
16+68 
16+50 
16+50 
16+50 
16+73 
16+75 
16+75 
16+75 
16+70 
16+75 
16+76 
16+75 

NORTH 

839.6 
823.1 
838.8 
888.8 
938.8 
988.8 
71 3.3 
740.0 
763.3 
81 3.3 
863.3 
91 0.5 
91 3.3 
925.4 
963.3 
737.8 
747.2 
787.7 
799.3 
830.2 
837.7 
887.7 
937.7 
937.7 
987.7 
71 2.2 
762.2 
809.0 
81 2.2 
859.8 
862.2 
91 2.2 
962.1 
736.7 
736.6 
786.6 
836.6 
891.7 
886.6 
926.6 
936.6 

EAST 

-6696.3 
-671 6.6 
-6706.3 
-6705.2 
-6704.1 
-6702.9 
-6684.1 
-6685.1 
-6683.0 
-6681.9 
-6680.7 
-6689.7 
-6679.6 
-6687.4 
-6678.5 
-6658.5 
-6635.3 
-6657.4 
-6638.2 
-6632.5 
-6656.3 
-6655.2 
-6654.1 
-6638.2 
-6653.0 
-6634.1 
-6633.0 
-6621.9 
-6631.9 
-6612.8 
-6630.8 
-6629.6 
-6628.5 
-661 0.5 
-6608.5 
-6607.4 
-6606.3 
-6610.1 
-6605.2 
-6603.3 
-6604.1 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU 7&30 G.M. MEASUREMENTS 

SAMPLE GRID PLANT GRID 
NORTH 

12+01 
12+25 
9+50 
1 o+oo 
10+18 
10+50 
10+62 
1 1 +oo 
11+47 
11+50 
12+00 
9+75 
9+85 
10+25 
10+75 
1 1 +25 
1 1 +54 
1 1 +75 
12+25 
12+38 
9+50 
9+77 
1 o+oo 
10+30 
10+50 
11+00 
1 1 +oo 
1 1 +41 
1 1 +50 
1 1 +51 
12+00 
12+00 
9+75 
10+25 
10+75 
1 1 +25 
1 1 +75 
12+25 
9+50 
9+85 
1 o+oo 

EAST 

16+75 
16+75 
17+00 
17+00 
17+18 
17+00 
17+08 
17+00 
17+02 
17+00 
17+00 
17+25 
17+35 
17+25 
17+25 
17+25 
17+49 
17+25 
17+25 
17+45 
17+50 
17+51 
17+50 
17+56 
17+50 
17+56 
17+50 
17+65 
17+50 
17+70 
17+50 
17+99 
17+75 
17+75 
17+75 
17+75 
17+75 
17+75 
18+00 
18+20 

NORTH 

962.6 
986.6 
71 1.1 
761.1 
778.7 
81 1.1 
822.9 
861 .O 
908.0 
91 1 .o 
961 .O 
735.5 
745.3 
785.5 
835.5 
885.5 
91 3.9 
935.5 
985.5 
998.0 
71 0.0 
736.9 
760.0 
789.8 
809.9 
859.8 
859.9 
900.6 
909.9 
91 0.5 
959.9 
958.8 
734.4 
784.4 
834.4 
884.4 
934.4 
984.3 
708.9 
743.4 

EAST 

-6603.5 
-6603.0 
-6584.1 
-6583.0 
-6564.6 
-6581.9 
-6573.6 
-6580.8 
-6577.7 
-6579.6 
-6578.5 
-6558.6 
-6548.3 
-6557.4 
-6556.3 
-6555.2 
-6530.6 
-6554.1 
-6553.0 
-6532.7 
-6534.1 
-6532.5 
-6533.0 
-6526.3 
-6531.9 
-6524.8 
-6530.8 
-651 4.9 
-6529.7 
-6509.6 
-6528.5 
-6479.6 
-6508.6 
-6507.5 
-6506.3 
-6505.2 
-6504.1 
-6503.0 
-6484.1 
-6463.4 

18+00 758.8 -6483.0 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU 7&30 G.M. MEASUREMENTS 

SAMPLE GRID PLANT GRID 
NORTH 

10+49 
10+50 
10+75 
1 1 +oo 
1 1 +45 
11+50 
1 1 +75 
12+00 
12+02 
9+75 
10+25 
10+75 
1 1 +25 
1 1 +75 
12+25 
9+50 
9+75 
1 o+oo 
10+50 
10+75 
11+00 
1 1 +49 
1 1 +50 
1 1 +98 
12+00 
12+05 
9+75 
10+25 
10+75 
11+25 
1 1 +75 
12+25 
9+50 
1 o+oo 
10+50 
10+85 
11+00 
11+15 
1 1 +50 
11+65 
12+00 

EAST 

18+35 
18+00 
18+35 
18+00 
18+15 
18+00 
18+15 
18+00 
18+49 
18+25 
18+25 
18+25 
18+25 
18+25 
18+25 
18+50 
18+63 
18+50 
18+50 
18+80 
18+50 
18+62 
18+50 
18+80 
18+50 
18+75 
18+75 
18+75 
18+75 
18+75 
18+75 
18+75 
19+00 
19+00 
19+00 
19+25 
19+00 
19+25 
19+00 
19+10 
19+00 

NORTH 

807.1 
808.8 
833.0 
858.8 
903.5 
908.8 
933.5 
958.8 
959.7 
733.3 
783.3 
833.3 
883.3 
933.2 
983.2 
707.7 
732.4 
757.7 
807.7 
832.0 
857.7 
906.4 
907.7 
955.0 
957.7 
962.1 
732.2 
782.2 
832.2 
882.1 
932.1 
982.1 
706.6 
756.6 
806.6 
841 .O 
856.6 
871 .O 
906.6 
921.3 
956.6 

EAST 

-6446.9 
-6481.9 
-6446.4 
-6480.8 
-6464.8 
-6479.7 
-6464.1 
-6478.6 
-6429.5 
-6458.6 
-6457.5 
-6456.4 
-6455.2 
-6454.1 
-6453.0 
-6434.1 
-6420.6 
-6433.0 
-643 1 .9 
-6401.4 
-6430.8 
-641 7.7 
-6429.7 
-6398.6 
-6428.6 
-6403.5 
-6408.6 
-6407.5 
-6406.4 
-6405.3 
-6404.1 
-6403.0 
-6384.2 
-6383.0 
-6381.9 
-6356.2 
-6380.8 
-6355.5 
-6379.7 
-6369.4 
-6378.6 



ATTACHMENT 3-0 
COORDINATE SYSTEM INTERCOMPARISON 

WMU 7&30 G.M. MEASUREMENTS 

SAMPLE GRID PLANT GRID 
NORTH 

12+04 
9+75 
10+25 
10+75 
1 1 +25 
1 1  +75 
12+25 
9+50 
1 o+oo 
10+50 
11+00 
1 1 +48 
1 1 +50 
1 1 +70 
12+00 
9+75 
10+25 
10+75 
11+25 
1 1 +75 
12+25 
9+50 
1 o+oo 
10+50 
1 1 +oo 
1 1 +20 
1 1 +50 
1 1 +70 
12+00 
12+02 
9+75 
10+25 

10+75 
1 1 +25 
1 1 +75 
12+25 
9+50 
1 o+oo 
10+50 
1 1 +oo 

EAST 

19+12 
19+25 
19+25 
19+25 
19+25 
19+25 
19+25 
19+50 
19+50 
19+50 
19+50 
19+85 
19+50 
19+55 
19+50 
19+75 
19+75 
19+75 
19+75 
19+75 
19+75 
20+00 
20+00 
20+00 
20+00 
20+25 
20+00 
20+15 
20+00 
20+47 
20+25 
20+25 

20+25 
20+25 
20+25 
20+25 
20+50 
20+50 
20+50 
20+50 

NORTH 

960.3 
731.1 
781.1 
831 .O 
881 .O 
931 .O 
981 .O 
705.5 
755.5 
805.5 
855.5 
902.7 
905.5 
925.3 
955.4 
730.0 
779.9 
829.9 
879.9 
929.9 
979.9 
704.4 
754.4 
804.4 
854.4 
873.8 
904.3 
924.0 
953.2 
955.3 
728.8 
778.8 

828.8 
878.8 
928.8 
978.8 
703.3 
753.3 
803.3 
853.2 

EAST 

-6366.5 
-6358.6 
-6357.5 
-6356.4 
-6355.3 
-6354.2 
-6353.0 
-6334.2 
-6333.1 
-6331.9 
-6330.8 
-6294.8 
-6329.7 
-6324.3 
-6328.6 
-6308.6 
-6307.5 
-6306.4 
-6305.3 
-6304.2 
-6303.1 
-6284.2 
-6283.1 
-6282.0 
-6280.8 
-6255.4 
-6279.7 
-6264.3 
-6035.6 
-6231.6 
-6258.6 
-6257.5 

-6256.4 
-6255.3 
-6254.2 
-6253.1 
-6234.2 
-6233.1 
-6232.0 
-6230.9 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU 7&30 G.M. MEASUREMENTS 

SAMPLE GRID PLANT GRID 
NORTH 

11+45 
1 1 +50 
1 1 +92 
12+00 
9+75 
10+25 
10+75 
11+25 
1 1 +75 
12+25 
9+50 
1 o+oo 
10+49 
10+50 
10+59 
1 1 +oo 
1 1 +50 
12+00 
12+01 
9+75 
10+25 
10+75 
1 1 +25 
1 1 +75 
12+25 
9+50 
1 o+oo 
10+50 
1 1 +oo 
1 1 +30 
11+49 
1 1 +50 
1 1 +70 
11+90 
12+00 
12+02 
12+15 

EAST 

20+99 
20+50 
20+52 
20+50 
20+75 
20+75 
20+75 
20+75 
20+75 
20i75 
21 +oo 
21 +oo 
21 +01 
21 +oo 
21 +oo 
21 +oo 
21 +oo 
21 +oo 
20+95 
21 +25 
21 +25 
21 +25 
21 +25 
21 +25 
21 +25 
21 +50 
21 +50 
21 +50 
21 +50 
21 +51 
21 +48 
21 +50 
21 +45 
21 +51 
21 +50 
21 +53 
21 +46 

NORTH 

897.1 
903.2 
945.2 
953.2 
727.7 
777.7 
827.7 
877.7 
927.7 
977.7 
702.2 
752.2 
801 -1 
802.1 
81 1.1 
852.1 
902.1 
952.1 
953.2 
726.6 
776.6 
826.6 
876.6 
926.6 
976.5 
701.1 
751 .O 
801 .O 
851 .O 
881 .O 
900.0 
901 .o 
921.1 
941 .O 
951 .O 
952.9 
966.1 

LIMITS OF WMU7&30 SAMPLE AREA 

12+25 10+25 1001.1 

EAST 

-61 80.9 
-6229.7 
-6226.8 
-6228.6 
-6208.7 
-6207.5 
-6206.4 
-6205.3 
-6204.2 
-6203.1 
-61 84.2 
-61 83.1 
-61 81 .O 
-6182.0 
-61 81.8 
-61 80.9 
-61 79.8 
-61 78.6 
-61 83.6 
-61 58.7 
-61 57.5 
-61 56.4 
-61 55.3 
-61 54.2 
-61 53.1 
-61 34.2 
-61 33.1 
-61 32.0 
-61 30.9 
-61 29.2 
-61 31.8 
-61 29.8 
-61 34.3 
-61 27.9 
-61 28.7 
-6125.6 
-61 32.3 

-7252.8 



ATTACHMENT 3-0 
COORDINATE SYSTEM INTERCOMPARISON 

WMU 7&30 G.M. MEASUREMENTS 

SAMPLE GRID 
NORTH EAST 

12+25 12+75 
9+25 12+75 
9+25 10+25 

PLANT GRID 
NORTH EAST 

995.5 -7002.9 
695.6 -7009.6 
701.1 -7259.5 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU #91 G.M. MEASUREMENTS 

SAMPLE GRID 
NORTH 

9+50 
1 o+oo 
10+50 
9+75 
10+25 
9+50 
1 o+oo 
10+50 
9+75 
10+25 
9+50 
1 o+oo 
10+50 
9+75 
10+25 
9+50 
1 o+oo 
10+50 
9+75 
10+25 
9+50 
1 o+oo 
10+50 
9+75 
10+25 
9+50 
1 o+oo 
10+50 
9+75 
10+25 
9+50 
1 o+oo 
10+50 
9+75 
10+25 
9+50 
1 o+oo 
10+50 
9+75 
10+25 
9+50 

EAST 

6+00 
6+00 
6+00 
6+25 
6+25 
6+50 
6+50 
6+50 
6+75 
6+75 
7+00 
7+00 
7+00 
7+25 
7+25 
7+50 
7+50 
7+50 
7+75 
7+75 
8+00 
8+00 
8+00 
8+25 
8+25 
8+50 
8+50 
8+50 
8+75 
8+75 
9+00 
9+00 
9+00 
9+25 
9+25 
9+50 
9+50 
9+50 
9+75 
9+75 
1 o+oo 

PLANT GRID 
NORTH EAST 

-1 076.8 
-1 026.8 
-976.8 

-1 052.0 
-1 002.0 
-1 077.3 
-1 027.3 
-977.2 

-1 052.5 
-1 002.5 
-1 077.7 
-1 027.7 
-977.7 

-1 053.0 
-1 002.9 
-1 078.2 
-1 028.2 
-978.2 

-1 053.4 
-1 003.4 
-1 078.7 
-1 028.6 
-978.6 

-1053.9 
-1 003.9 
-1079.1 
-1 029.1 
-979.1 

-1054.3 
-1 004.3 
-1 079.6 
-1 029.6 
-979.5 

-1 054.8 
-1 004.8 
-1 080.0 
-1 030.0 
-980.0 

-1 055.3 
-1 005.2 
-1 080.5 

-7206.9 
-7206.4 
-7206.0 
-71 81.6 
-71 81.2 
-71 56.8 
-71 56.4 
-71 55.9 
-71 31.6 
-71 31.1 
-71 06.8 
-71 06.4 
-71 05.9 
-7081.6 
-7081.1 
-7056.8 
-7056.3 
-7055.9 
-7031.6 
-7031.1 
-7006.8 
-7006.3 
-7005.9 
-6981.5 
-6981.1 
-6956.8 
-6956.3 
-6955.8 
-6931 -5 
-6931.1 
-6906.7 
-6906.3 
-6905.8 
-6881.5 
-6881 .O 
-6856.7 
-6856.3 
-6855.8 
-6831.5 
-6831 .O 
-6806.7 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

WMU #91 G.M. MEASUREMENTS 

SAMPLE GRID PLANT GRID 
NORTH EAST NORTH EAST 

1 o+oo 1 o+oo -1 030.5 -6806.2 
10+50 1 o+oo -980.4 -6805.8 
9+75 10+25 -1 055.7 -6781.4 
10+25 10+25 -1 005.7 -6781 .O 
9+50 10+50 -1 080.9 -6756.7 
1 o+oo 10+50 -1 030.9 -6756.2 
10+50 10+50 -980.9 -6755.7 

LIMITS OF WMU #91 SAMPLE AREA 

9+50 6+00 -1 076.8 -7206.9 
10+50 6+00 -976.8 -7206.0 
10+50 10+50 -980.9 -6755.7 
9+50 10+50 -1 080.9 -6756.7 



ATTACHMENT 3-D 
COORDINATE SYSTEM INTERCOMPARISON 

DITCH SOUTH OF WMU 7&30 G.M. MEASUREMENTS 

SAMPLE GRID PLANT GRID 
NORTH 

9+15 
9+15 
9+15 
9+15 
9+15 
9+15 
9+15 
9+15 
9+15 
9+15 
9+15 
9+15 
9+15 
9+15 
9+15 
9+15 
9+15 
9+15 
9+15 
9+15 

EAST 

10+50 
10+75 
1 1 +oo 
1 1 +25 
1 1 +50 
1 1 +75 
12+00 
12+25 
12+50 
12+75 
13+00 
13+25 
13+50 
13+75 
14+00 
14+25 
14+50 
14+75 
15+00 

NORTH 

690.6 
690.0 
689.5 
688.9 
688.4 
687.8 
687.2 
686.7 
686.1 
685.6 
685.0 
684.5 
683.9 
683.3 
682.8 
682.2 
681.7 
681.1 
680.6 

EAST 

-7234.7 
-7209.7 
-71 84.7 
-71 59.7 
-71 34.7 
-71 09.7 
-7084.8 
-7059.8 
-7034.8 
-7009.8 
-6984.8 
-6959.8 
-6934.8 
-6909.8 
-6884.8 
-6859.8 
-6834.8 
-6809.8 
-6784.8 

15+10 680.3 -6774.8 



APPENDIX 2B-4 
Well Installation, Development, and Soil 

Sampling: Stage A Monitoring Wells 
M W- 7 55 through M W- 7 90 



TECHNICAL MEMORANDUM NO. 4 
PGDP PHASE I1 SITE INVESTIGATION 

PREPARED B Y  Kim Ries/SFO 

SUBJECT Well Installation, Development, and Soil Sampling: Stage A 
Monitoring Wells, MW-155 through MW-190 

PROJECT OR030888.FI 

INTRODUCTION 

PURPOSE AND SCOPE 

This TM documents the installation of Stage A monitoring wells for the Phase I1 Site 
Investigation at the PGDP. This memorandum presents the background and rationale 
for the Stage A monitoring well program well construction and lithologic data, and the 
lithologic results of the drilling program. I t  also to discusses well locations and 
describes methodologies for drilling, borehole logging, well installation, and well 
development; equipment decontamination procedures; and the management of wastes 
derived from this task; and to present. 

BACKGROUND 

This monitoring well installation program augments an ongoing DOEEnergy Systems 
Environmental Restoration Program (ERP) to meet three objectives of an EPA and 
DOE Consent Order: (1) to determine the nature and extent and threat of offsite 
groundwater contamination caused by sources at the PGDP; (2) investigate effects of 
contaminant releases and take appropriate response action to protect public health and 
the environment; and (3) to develop a work plan and schedule for implementing 
response actions. The ERP investigation is being conducted in two phases. 

Phase I, which has been completed, focused on evaluating the nature and extent of off- 
site contamination originating at the PGDP. Results indicate that Tc-99 and 
trichloroethylene (TCE) compounds were detected in the deep groundwater system, 
that TCE and Tc-99 concentrations were variable, but indicate plume(s) migrating 
offsite in the Regional Gravel Aquifer (RGA), and that variable contaminants were 
detected in the shallow groundwater system offsite adjacent to streams. No shallow 
contaminant plumes were identified in Phase I. 

Phase I1 of the PGDP site investigation is being carried out in two stages. The 
objective for Phase 11, Stage A, is to characterize onsite sources of contamination at the 
PGDP. To this end, 35 monitoring wells were installed onsite and adjacent to 
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identified WMUs. Data collected during the well installation include lithologic logs and 1 1  

1 1  
field instrument screens for radiologic VOCs from soil samples. These data are 
presented herein. Data resulting from the well-installation task will include laboratory 
chemical analysis of soil and groundwater samples collected from well boreholes and 
the developed monitoring wells, respectively. These data will be discussed in the 
Phase I1 Site Investigation Report. 

Phase 11, Stage A wells were installed in two target aquifers: the shallow groundwater 
system, which is contained within sands of the Upper Continental Deposits and the 
RGA, which consists of sands and gravels designated as the Lower Continental 
Deposits. These aquifer zones would most likely be affected by onsite releases from 
WMUs and, therefore provide data to define the sources of offsite contaminants 
(Objective 1 of the Consent Order). 

RESULTS 

The Stage A well borehole lithologic logs generally correlate with borehole lithologic 
logs collected during the Phase I Site Investigation (December 1990) and with previous 
borings/wells at the plant. In general, the onsite stratigraphy consists of 0 to 6 feet of 
fill underlain by approximately 15 to 25 feet of lean clay, underlain by alternating layers 
of sands (typically less than 5-feet thick) and (40 MW-181) to 60 feet (MW-188) of 
clayey sands or sandy clays. These first 50 to 75 feet of deposits contain the shallow 
groundwater system within the relatively permeable sands and occasional gravels of the 
Upper Continental Deposits. Nineteen monitoring wells were installed within the 
shallow groundwater sys tem. 

I ,  

Typically, (except for MW-165 and MW-173, where sands were not logged; Figure 4-1) 
there are approximately from 2 to 35 feet of loose sands directly above the RGA. 
These sands seem to be in hydraulic connection with the RGA, although, they were 
considered part of the Upper Continental Deposits for the Phase I report. Because 
these sands were loose and wet, their occurrence was often marked by little to no 
sample recovery. Installing wells in areas where there were over 20 feet of these sands 
(MW-161, MW-163, and MW-175) was difficult. Sands rose in the augers, requiring the 
driller to attempt redrilling or to fill the augers with water to keep pressure on the 
sands. 

The RGA, readily identified by loose sands and gravels, was encountered consistently at 
depths between approximately 50 (MW-173) and 80 (MW-161) feet below ground 
surface (bgs). One exception was at MW-184 (Figure 4-l), which is located on a 
subterranean terrace feature, where lean clays were encountered from 15 feet bgs to 
the anticipated depth of the RGA, at 70 feet bgs. Here, only a shallow well, MW-184, 
was installed and the borehole for MW-183 was grouted from total depth to ground 
surface. 

The base of the gravel aquifer was established at three locations during this drilling 
program: MW-155, MW-158, and soil boring H-219 (Locations 1, 2, and 13; 

I 
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Figure 4-1). At these locations, the gravel aquifer thickness ranged from 25 (MW-155, 
H-219) to 50 feet (MW-158). It was underlain by a fine-grained sand at MW-158 
(western edge of site), a sandy lean clay at MW-155 (C-400 Building), and a lean clay 
at H-219 (active landfill, north of the plant). Fourteen monitoring wells were installed 
within the upper part and two wells were installed in the lower part of the gravel 
aquifer. Wells installed in the gravel aquifer were constructed with isolation casings to 
hydraulically seal shallow permeable zones from the deeper RGA, minimizing the 
possibility of a conduit carrying contaminants from the shallow groundwater system to 
the gravel aquifer. 

Monitoring wells were installed in groupings or clusters, and wells were designed based 
on information collected during lithologic logging of the deepest borehole at each well 
group location. Wells were installed using truck-mounted CME drill rigs operated by 
Brotcke Engineering Company, Inc. (St. Louis, Missouri). During borehole drilling and 
monitoring well installation, a hydrogeologist/geotechnical engineer from CH2M HILL 
and an industrial hygienehealth physics (IH/HP) technician from TMA/Eberline were 
present and provided technical supervision and health and safety monitoring. Other 
field and office personnel assisted in the acquisition of samples and supplies and 
management of task derived wastes. Field information for each well group, including 
personnel present, installation dates, development dates, and drill rigs and equipment 
used is included in Attachment 4-A. 

WELL LOCATIONS 

Monitoring well locations are shown on Figure 4-1. Well locations were selected that 
would provide information regarding subsurface hydrogeologic conditions and would 
provide data relevant to a specific WMU’s contribution to offsite contamination. 
Table 4-1 lists the well locations, well numbers, coordinates, top of casing elevation, 
hydrostratigraphic unit, screened interval (feet bgs), and reason(s) for the location. 

The 2-inch-diameter stainless steel wells were designed to allow groundwater sampling 
and slug testing, while minimizing the volume of waste soils and purgewater generated. 
Wells were installed in the following two hydrostratigraphic units: 

0 The uppermost saturated zone in the Upper Continental Deposits. This 
zone is sometimes referred to as the shallow groundwater system. 
Although this zone appears to be confined to semiconfined beneath 
approximately 15 to 25 feet of clay at site borehole locations, it is 
expected to be the first water-producing zone to receive contaminants 
released from a possible source. 

0 The RGA. This aquifer is a pathway for offsite groundwater contaminant 
transport. Site lithologic logs and downward vertical gradients suggest 
that the RGA may not be hydraulically isolated from the shallow aquifer. 
Wells were installed in both the upper and lower 7 feet of the RGA. 

4-3 



P 
P 

Well 
Group 

Number 

1 

2 

3 

4 

5 

6 

7 

PGDP Phase I1 Site Investigation 

Plant Grid 
Coordinates 

Well Top of 2" casing Screened 
Group Well Elevation Hydrogeologic Interval 

Location No. N E (fi msl) Unit (fi w 
WMU 11 - TCE MW-155 S1669 W4025 381.25 Lower RGAa 87 - 92 

63 - 70 
MW-157 S1689 W4026 381.56 Shallow gsb 30 - 35 

Leak Site MW-156 S1704 W4026 382.06 Upper RGA 

WMU 91- Cylinder MW-158 SO991 W6957 367' Lower RGA 102 - 108 
Drop MW-159 SO990 W6937 367' Upper RGA 63 - 68 
Test Area MW-160 SO972 W6946 367' Shallow gs 20 - 25 
WMU 1- North MW-161 Upper R G A ~  65 - 70 
Oil Landfarm MW-161A S1667 W6917 373.55 Upper RGA 78 - 83 

MW-162 S1667 W6886 374.17 Shallow gs 18 - 24 

Eastern part MW-163 S1401 W2041 386.14 Upper RGA 94 - 99 
of Plant MW-164 S1416 W2043 386.29 Shallow gs 42 - 47 

Northern part of MW-165 NO898 W3136 379.74 Upper RGA 63 - 68 
plant MW-166 NO893 W3152 380.07 Shallow gs 33 - 38 

AREAA- Diesel MW-167 SO909 W4822 376.36 Shallow gs 21 - 26 
Spill MW-168 SO925 W4822 377.42 Upper RGA 63 - 68 

WMU2and3-  MW-169 SO191 W5558 373.41 Upper RGA 65 - 70 
Downgradien t MW-170 SO176 W5558 373.98 Shallow gs 25 - 30 

Page 1 of: 

Reasons for Well 
Locations 

Reported TCE leak in 
adjacent drain 

TCE detected in 
Phase I 
soil boring to 36' 
Check for TCE in 
groundwater, since 
TCE in Phase I soil 
boring at 32' 
Monitoring point for 
contaminants moving 
to East (i.e., from 
C-400 building) 
Monitoring point for 
contaminants moving 
to NE (i.e., from 
C-400 building) 

Monitoring point 
downgradient from 
the diesel spill 

Evaluate water quality 
downgradient from 
WMU2and.f 



Table 4-1 
Stage A Monitoring Well Location Data 

Plant Grid 
Coordinates 

N E 

Top of 2" casing 
Elevation 
(n msl) 

ition Page 2 of 3 

MW-171 

MW-172 

SO471 W5418 374.63 

SO192 W5978 373.79 

8 WMU2and3-  
Downgradient 

~~ 

Shallow gs 

Upper RGA 
Shallow gs 

Upper RGA 
Shallow gs 

22 - 27 Evaluate water quality 
downgradient from 
WMU2and3 

53 - 58 upgradient coverage 
23 - 28 

75 - 80 

for C-616 lagoons 

Evaluate migration of 
32.5-37.5 contaminants from 

c-400 

9 WMU 2 and 3- 
Downgradient 

MW-173 
MW-174 

MW-175 
MW-176 

N1020 W5290 
N1021 W5307 
S1428 W4379 
S1444 W4380 

Shallow gs 
Upper RGA 

Upper RGA 
Shallow gs 

39.5-44.5 
62.5-67.5 

52 - 57 
22 - 27 

MW-179 
MW-180 

N4639 W3266 
N4627 W2494 

MW-181 
MW-182 

N3107 W3043 
N3107 W3027 

Screened 
Interval 
(fi bgs) 

Well 
Group 

Number 

Well 
Group 

Location 
Reasons for Well 

Locations 
Well 
No. 

Hydrogeologic 
Unit 

Shallow gs 18 - 23 Evaluate water quality 
downgradient from 
WMU2and3 

f wl 
10 WMU 17 and 

18-Upgradient 
of Lagoons 

Tank 
WMU 47- TcW 

373.30 
373.29 

381.18 
381.23 

11 

I I I 
I 12 WMU 40- 

Neutralization 
Tank 

MW-177 S1228 W4074 
MW-178 I S1216 1 W4073 I 379.74 

378.80 
Evaluate migration of 
contaminants from 
c-400 

Evaluate migration of 
contaminants from 
landfill 

358.60 
358.1 1 

13 WMU 10- Inert 
Landfill 

I 14 WMU 9- 
Residential 
Landfill 

370.84 
371.15 

Upper RGA 
Shallow gs 

52 - 57 
15 - 20 

Evaluate migration of 
contaminants from 
landfill 

I I I 



f m 

Hydrogeologic 
Unit 

Well 
Group 

Number 

Screened 
Interval 
(ft h s )  

15 

Plant Grid 
Coordinates 

N E 

16 

Top of 2" casing 
Elevation 
(ft msl) 

17 

WMU 8- Sanitary 
Landfill 

18 

MW-183 S3938 W7441 
MW-184 S3930 W7003 

19 

Upper RGA 
Shallow gs 

Upper RGA 
Shallow gs 

Well 
Group 

Location 

NIA 
10.5 - 13 

68 - 73 
18 - 23 

Well 
No. 

Jpper RGA 
shallow gs 

Table 4-1 
Stage A Monitoring Well Location Data 

70 - 75 
22.5-27.5 

WMU 5- Classified 
Burial Yard MW-190 NO238 W6952 

380' 

WMU 7- Burial MW-185 NO953 W6602 373.64 
Ground I MW-186 I NO953 1 W6581 I 373.62 

WMU 30- Burn 
Area 

WMU 1- South 
of Oil Landfarm 

MW-187 

MW-188 
MW-189 

S2057 
S2075 

w6854 373.24 

I 
W7001 
W6998 

374.24 
375.50 

373.20 

'RGA = Regional Gravel Aquifer in Lower Continental Deposits. 
'Shallow gs = Shallow groundwater system in Upper Continental Deposits. 
'Is approximate elevation, survey data not currently available. 
'MW-161 was abandoned and replaced with MW-161A. 
'MW-183 was not installed; did not encounter the Regional Gravel Aquifer. 

I 
shallow gs 2 1.5-26.5 

---I--- 

shallow gs 17.5-22.5 

Page 3 of 2 

Reasons for Well 
Locations 

Evaluate migration of 
contaminants from 
landfill to Big Bayou 
Creeke 

Provide water levels 
in area; evaluate 
releases from WMU 7 

Evaluate downward 
migration of 
contaminants detected 
in MW-66 

Provide water levels; 
evaluate releases from 
area 

Evaluate migration of 
contaminants from 
WMU 5 

. -. 



Wells were screened over a 2%- to 7-foot depth interval. Well screen lengths were 
kept discrete in order to screen only the permeable sands within the Upper Continental 
Deposits and to check water quality and water level variations in the upper and lower 
portions of the RGA. 

METHODOLOGY 

DRILLING 

Drill rigs were mobilized to the PGDP site on November 26, 1990. From November 26 
through 28, initial rig inspection (by Energy Systems) and decontamination of rigs, 
tools, and downhole equipment was performed. Decontamination procedures are 
discussed later in this memorandum. In addition to the initial drill rig decontamination, 
the rigs were decontaminated before moving to a new well group location (Table 4-1). 
Rigs were not decontaminated between wells in a single group location. Tools and 
downhole equipment were decontaminated between drilling each borehole and before 
continuing to drill below the isolation casing after the isolation casing was set. 

Drill rigs were set up on staked locations approved by Energy Systems under an 
excavation permit. Some drilling locations also required a hazardous work permit or 
radiation work permit, as determined by Energy Systems and Eberline, respectively. 
Conditions of each of these permits were discussed with people working at the 
permitted location before work began. 

A gravel working pad was installed before well construction at all but two drilling 
locations (MW-175/176 and MW-177/178). The gravel working pad, approximately 30 
by 40 feet, was installed to facilitate access and to prevent the of contamination from 
spreading. Before drilling, an exclusion zone was established to control access into and 
out of the working area. An example of an exclusion zone set-up is shown on 
Figure 4-2. The exclusion zone was established using rebar stakes and flagging to 
create a boundary. After drilling began, all persons and equipment leaving the 
exclusion zone were monitored by the IH/HP for radioactive contamination before 
leaving the zone. 

An outer construction zone was established outside of the exclusion zone (Figure 4-2). 
The outer zone was made large enough to contain the drill rig mast in case of a drill rig 
upset. It also served as a corridor for the driller’s equipment trucks and trailers to 
drop off and remove supplies. Level D dress was required to enter the outer zone. No 
monitoring was required to leave this zone. 

Drilling was conducted by two truck-mounted CME 75 rigs and one truck-mounted 
CME 55 rig. Seven and 3/4-inch OD hollow stem augers (HSA) (3-3/4-inch ID) were 
used to drill, and sample boreholes were to be installed with a 2-inch ID well string. 
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Twelve inch flight augers were used to ream the 7-3/4-inch boreholes to set the 8-inch 
O D  isolation casing. 

I 

I 

The drilling sequence proceeded in the following order at a well group with both a 
shallow aquifer system well and a RGA well. At the RGA well location, a 7-3/4-inch 
borehole was advanced and continuously sampled with a 5-fOOt by 3-inch ID, stainless 
steel, split barrel, CME continuous sampler to the depth of the isolation casing 
(typically 30 to 50 feet). The borehole was then reamed and cleaned out using the 
12-inch flight augers. These augers were removed from the hole (the hole stayed open 
due to the high percentage of clay or stable formation in the upper 50 feet) and the 
8-inch isolation casing was placed in the bottom of the reamed 12-inch borehole. The 
isolation casing was then grouted in place and allowed to set at least 12 hours before 
drilling continued. The next day 7-3/4-inch augers were advanced inside the 8-inch 
isolation casing to the total RGA well depth, while continuous samples were collected. 
All samples were collected in 5-fOOt runs using the 5-fOOt continuous sampler. After 
the RGA well was installed, the shallow borehole was drilled using the 7-3/4-inch HSA 
augers to the total well depth, as determined from the lithologic log of the RGA 
borehole. No sampling was typically performed in the more shallow borehole(s) in a 
well group. 

BOREHOLE LOGGING 

The Sample Team Leader (STL) logged the boreholes during drilling. In two borehole 
locations, MW-169 and MW-189, a sample technician (ST) assisted in logging part of 
the borehole. Descriptions of the soils collected during drilling and sampling were 
recorded on standard form D1586, in accordance with CH2M HILL'S "Standard Proce- 
dures for Logging of Soil Borings," (January 26, 1990). The soil boring logs are 
included as Attachment 4-B. These logs correspond to the deepest borehole at each 
well group (Table 4-1). In the case of the Cylinder Drop Test location (WMU-91), 
MW-159 was logged for the upper 35 feet and MW-158 for the interval 35 feet to 
110 feet. Recorded information, in addition to lithologic descriptions, include HNu and 
radiological field readings and pocket penetrometer values for recovered samples. 

In addition to the borehole logs, the STL kept a field logbook that contains a 
chronologic diary of the work completed each day at a given well location. Logbook 
reference numbers are indicated on the well completion diagrams (Attachment 4-C). 
Field logbooks may be reviewed at the Paducah CH2M HILL field office. These books 
contain the names of onsite personnel, descriptions of the field methods, any unusual or 
notable occurrences during the work, diagrams of the installed wells, tables of materials 
installed and removed from the well borehole, and tables of waste drum numbers used 
to contain wastes from the well cluster. 

SOIL SAMPLING 

Continuous soil samples were collected in the deepest borehole at each well group 
location. Samples were obtained using a 5-foot-long, 3-inch ID split barrel, stainless 

I 
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steel, CME continuous sampler, that provided continuous soil sampling during hollow 
stem auger drilling. The sampling barrel fit within the lead auger, extending a short 
distance in front of the auger head, allowing sampling to occur in advance of the 
augers. The Task Instructions required continuous soil samples to the top of the RGA, 
and then at 5-foot intervals thereafter. Because a CME continuous sampler was used 
for sampling, samples were collected continuously to the total depth. All soil samples 
were screened with a P.I. 101 HNu for volatile compounds and with an AC-3 Alpha 
Probe and HP-210 or HP-260 Gamma Probe for radioactivity, then lithologically logged. 
Well screen locations were chosen based on soil sample lithology. 

Several changes from the Well Installation Task in the Phase I1 Workplan were made 
to locations for collecting soil samples for laboratory analysis. Since wells were 
installed to determine extent and concentrations of contaminants in the groundwater, 
soil samples were likewise obtained to determine extent and concentrations of 
contaminants in the unsaturated zone(s). Therefore, analytical soil samples were 
generally restricted to the fine-grained soils in the Upper Continental Deposits. 

Three well group locations (No. 11, 12, and 13; Figure 4-1) were placed close to 
locations of planned deep soil borings so that they were substituted for borings. In 
these locations, continuous soil samples for laboratory chemical analysis were collected 
to the total depth. Sample identification numbers are shown on borehole logs, under 
the "Sample Number/Type" heading (Attachment 4-B), at the intervals where samples 
were collected for laboratory analysis. 

For the remainder of the well group locations, two to three soil samples from the 
deepest boring were collected in jars for laboratory analysis. The purpose of these 
samples was to determine whether or not contaminants occur in the unsaturated zone 
at the well location. Laboratory samples were generally collected from the 5- to 
10-foot depth interval, the clayey interval in which the isolation casing was set (for 
RGA wells), and occasionally another clayey interval between these two intervals. If 
contamination was detected during field screening, a laboratory sample was generally 
collected from that interval. 

These laboratory samples were composited over the 5-fOOt interval by collecting stain- 
less steel spoonfuls of soil along the CME split spoon core, mixing the soil in a stainless 
steel bowl, and then transferring the composited soil sample to sample jars. For Wells 
MW-155 through WM-178 and Wells MW-185 through MW-190, volatile organic 
analysis (VOA) vials were filled after the soil was mixed in the bowl. This procedure 
was later changed for Wells MW-179 through MW-184 so that VOA vials were filled 
directly from the sample core barrel. 

The following quantities were collected for each sample: 

0 One 60-ml glass jar for field screening laboratory 
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e Two 40-ml glass vials for target compound list (TCL) volatile organic 
contaminants 

e One 250-ml glass jar for TCL semivolatiles and pesticidesPCBs 

e One 250-1111 glass jar for target analyte list (TAL) metals 

e One 250-ml glass jar for cyanide 

e One 250-ml glass jar for dioxins and furans 

e One-gallon plastic jar with 600-ml in for radioisotopes 

e One 500-ml plastic or glass jar for radiological archive 

One waste sample was composited over the entire depth of the deepest well cluster 
borehole for laboratory analysis to determine if drummed soil cuttings should be 
handled as hazardous material. Several spoonfuls of soil along the length of each con- 
tinuous sample were placed into a stainless steel bucket for this purpose. After the 
borehole reached total depth, the soil in the bucket was mixed and transferred to 
sample jars in the following quantities: 

e One 60-ml glass jar for radioactivity 

e Six 32-ounce glass jars for VOAs, TCLP, TCLP metals, PCBs/ 
pentachlorophenol, radioisotopes, and general waste characteristics 

Containers for soil samples were assembled and assigned sample identification numbers 
by the Sample Manager. The Sample Manager tracked QC samples and assigned one 
laboratory QC sample for every 20 samples per matrix. QC samples included a second 
sample for a depth interval to be used for a matrix spike or for a duplicate. A 
duplicate sample is collected to determine analytical precision for the samples. Matrix 
spike samples help determine accuracy. A method blank sample was collected one 
every 20 samples per matrix by rinsing the 5-fOOt continuous sampler with organic-free 
water. Method blank samples are indicative of potential contamination introduced as a 
result of the sampling method. 

Sample jars were labeled with the client name (PGDP), sample identification number, 
date and time of sample collection, type of analysis, preservative, and the initials of the 
sampler. Samples were kept in custody of the STL or the ST until relinquished to the 
sample manager in Building 730. Chain of custody forms were completed in the field 
or in the 730 Building by the STL or ST. 

Before shipment to an offsite laboratory, all samples were screened for gross alpha and 
gross beta counts in the Field Screening Laboratory (FSL). The purpose of this 
screening was to meet the shipping requirements of the U.S. Department of Transpor- 
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tation (DOT) for sample packaging and labeling, to determine whether to analyze for 
radionuclides, and to determine which of two organic analytical laboratories to send the 
sample. DOT requires that samples meet the FSL criteria of less than 2,000 pCi/g for 
shipping samples as nonradioactive material. CH2M HILL laboratories required that 
FSL results were less than 15 pCi/g for gross alpha and 50 pCi/g for gross beta in order 
to accept samples. If FSL sample results were greater than 15 pCi/g for gross alpha or 
50 pCi/g for gross beta, then a full radionuclide analysis was conducted for the sample. 

Samples were refrigerated until the arrival of the overnight carrier. Samples were 
packed in coolers with ice and shipped to appropriate laboratories for analysis. 

Soil samples, designated as "geotechnical" samples, were also collected from deep bore- 
holes for the purpose of grain size analysis. These samples were collected from the 
depth of the planned well screen interval. Geotechnical samples were placed in plastic 
bags labeled with the well number, depth interval, and sampler's initials. Plastic bags 
were then placed in 1-gallon plastic jars, sealed with tape, and stored in the FSL until 
shipment to the geotechnical laboratory. Nine samples (Table 4-2) were sent for grain 
size analyses. 

WELL INSTALLATION 

Lithologic logs (Attachment 4-B) from the deepest boring were used to select the 
screen interval, the isolation casing depth (if applicable), and the total well depth. 
STLs submitted copies of lithologic logs and the field logbook to the Task Manager, 
daily. Based on daily submittals of lithologic logs and information relayed from the 
field by the STL, the Task Manager specified the screen interval for each Stage A mon- 
itoring well. 

Wells were installed by three separate field crews under the field direction of a 
CH2M HILL STL (geotechnical engineer or hydrogeologist). Approved well 
construction materials were supplied by Brotcke Engineering and checked and noted in 
the field by the STL for conformance with specifications. Well construction diagrams 
are included in Attachment 4-C. 

The RGA wells have an 8-inch OD, steel, isolation casing installed to the depth of a 
fine-grained soil interval, located between possible saturated zones in the shallow 
aquifer system and the RGA. The casing was installed inside a 12-inch ID borehole 
and the 4-inch annular space was grouted, using a tremie pipe. No further drilling was 
conducted until the grout set at least 12 hours. 

Starting no sooner than the next day, the RGA borehole was advanced to total depth 
(inside the isolation casing), either to the top or bottom of the RGA. The RGA was 
easily identified during drilling by a "chattering" of the drill rig and/or by a significant 
decrease in sample recovery from the continuous sampler. The well boreholes were 
drilled a few feet below the depth at which the well screen was to be placed. This 
allowed for caving of the formation before the well string was installed and for 
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Table 4-2 

PGDP Phase I1 Site Investigation 
List of Samples Submitted for Grain Size Analysis 

MW-185 I 70 - 75 I LCD I Well Graded Gravel with sand 

'UCD = Upper Continental Deposits. 
I 2LCD = Lower Continental DeDosits (Regional Gravel Aquifer). 

Sample Strati- 
Interval Graphic 

MW-187 20 - 25 UCD' 
MW-190 I 18 - 23 I UCD 
MW-163 I 95 - 100 I LCD2 
MW-172 20 - 25 UCD- 
MW-171 20 - 25 UCD 
MW-175 75 - 80 LCD 

MW-161A 80 - 85 LCD 
MW-188 70 - 75 LCD 

Logged Soil 
Description 

Lean ClayWell Graded Sand with gravel 
Poorlv Graded Sand with gravel 
Poorlv Graded Sandwell Graded mavel 

~ 

Well Graded Gravel with sand 
Well Graded Gravel with sand 

~ Well Graded Gravel with sand 
~ Well Graded Gravel with sand 
~ Siltv Gravel 
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placement of some gravel filter pack below the well screen. 

The 2-inch ID well string was installed inside the 7-3/4-inch hollow stem augers to the 
depth interval specified by the Task Manager. The well string consisted of, from 
bottom to top, a 2-inch end cap, a 2%-foot to 7-foOt length of 0.01-inch Johnson contin- 
uous slot constructed screen, and the appropriate length of blank casing (riser) to allow 
a 2- to 3.5-foot extension above ground. The well string material is Johnson type 
304 stainless steel and is joined by factory threaded ends with chemically inert O-rings. 

When the well string was in place, a gravel filter pack was installed from the bottom of 
the borehole to a depth 5 feet above the well screen. The gravel filter pack consisted 
of 16-30 mesh Colorado Silica sand. In one well, MW-180 (Figure 4-1), only 1 foot of 
gravel filter pack was mistakenly installed above the well screen. Because this installed 
shallow well had little water in it, another shallow borehole (MW-180A) was drilled 
adjacent to MW-180 to see whether this was due to low permeability deposits or to 
possible bentonite in the well screen. The borehole log, along with the log for the 
adjacent borehole, H-219 (Attachment 4-B), indicates relatively few permeable zones in 
the upper 30 feet at Well Group No. 13. After development, the well produced water 
of a pH of 7.0 and no grout/bentonite was detected in the bailed water; therefore, 
MW-180 was considered an acceptable well. 

For wells screened within the RGA, the most difficult part of well installation was to 
install a complete gravel filter envelope around the well string. In most cases, the 
loose, saturated sands and gravels of the RGA caved and formed a natural filter 
envelope before a complete gravel filter envelope could be installed. On an average, 
55 percent of estimated total gravel filter volume was installed around well screens 
within the RGA. The amount of gravel filter installed ranged from none in MW-175 to 
3-1/2 bags in MW-178. In cases where little gravel filter pack was placed, the natural 
formation served as the gravel filter pack. The amount of fine-grained sand, silt, and 
clay particles in the formation interval around the screen usually determined how 
quickly (or if) these wells cleared during development. 

For shallow wells, an average of 75 percent of the estimated total gravel filter volume 
was installed around well screens in deposits above the RGA. The amount of gravel 
filter installed ranged from approximately 57 percent in MW-174 to 100 percent in 
MW-184. The amount of gravel filter pack placement, however, did not appear to be 
an important factor in determining how quickly shallow wells cleared during devel- 
opment. The permeability and thickness of deposits in hydraulic connection with the 
screen usually determined how quickly (or if) these wells cleared during development. 

Above the gravel pack, specifications required a minimum 4-foot bentonite seal. The 
seal was placed with a tremie pipe using a 1:l mixture of Naturalgel@ powdered 
Wyoming bentonite and potable water. The thickness of this seal ranged from 4 feet to 
10 feet in wells. The bentonite seal was placed as a hydrated slurry; therefore, no 
setting time was necessary before placing the grout above the bentonite seal. Where it 
was difficult to measure the depth of the hydrated bentonite seal with a weighted tape, 
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an approximate volume of 1?h bags of bentonite and 8 gallons of water was mixed in 
the grout plant and pumped via '/?-inch tremie pipe into the annular space. This pro- 
duced at least a 5-foot seal in the 3-inch annular space. 

The annular space from above the bentonite seal to the ground surface was grouted. 
Lonestar Type I, portland cement was mixed in batches consisting of approximately two 
bags of cement, 15 gallons of potable water, and one-quarter bag of bentonite. The 
grout was mixed in a grout plant and pumped into the annular space using a l-inch- 
diameter PVC tremie pipe or 1-inch flexible plastic tubing. 

All monitoring wells were installed as described above and developed before pads, 
posts, and protective casings were installed. Protective casings were constructed of 
6.625-inch OD, ASTM A53, Grade B steel with hinged locking caps. The protective 
casings were approximately 6-feet long with approximately 3 feet installed and grouted 
below ground surface, and the top of the protective casing was 4 inches higher than the 
top of the well riser. The protective casings were set into 4-foot square reinforced 
concrete pads approximately 3/4-foot thick. The wells were further protected by 
installing four 3-foot-high guard posts at corners 5 feet away from the well. Guard 
posts consisted of the same steel pipe as the protective casing, installed approximately 
3 feet below ground surface and filled with cement. Protective casings and posts were 
painted a bright yellow color, similar to the color of the wells installed during Phase I 
of the PGDP Site Investigation. 

On the north side of the concrete pad, two circular brass plates were installed in the 
concrete at the base of the protective casing. Inscribed on the plates are the well 
identification number, the surveyed well coordinates, and the ground surface elevation 
of the brass plates. Gravel working pads were removed at approximately half of the 
well group locations after the concrete pads were installed. 

WELL DEVELOPMENT 

Stage A wells were developed from January 3 through March 8, 1991. The develop- 
ment procedure involved surging, bailing, and airlift pumping so that representative 
formation water may be subsequently sampled from the wells. Wells screened within 
the shallow aquifer were surged and bailed for development. Air lift methods could 
not be employed in shallow wells because of slow water recovery and/or inadequate 
submergence for the airline. 

The sequential well development procedure proceeded as follows. Each well was 
sounded for total depth and water level then surged with a stainless steel surge block 
throughout the screen interval. Each 1-foot increment of well screen was surged for 
approximately 15 to 20 minutes using a consistent up and down motion of the surge 
block, thereby drawing fine sediments into the well screen. 

After surging, the well was bailed using a stainless steel bailer to remove accumulated 
sediments. If more than 1-foot of sediment was measured within the well, bailing was 
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continued until the water removed contained approximately less than 10 percent sedi- 
ments, as visually determined using a 5-gallon bucket of bailed water that was allowed 
to settle. If less than 1 foot of sediment was measured in the well, then air lift pumping 
was initiated on the RGA wells to complete the well development. For shallow wells, 
bailing was continued until criteria for well development were met and the Task 
Manager approved the completion of development for that well. 

Well development was complete after removal of a minimum of five times (casing 
volume + water added to the well), field parameters of conductivity and pH were 
stable, and the water had cleared sufficiently or, if water was still turbid, the Task 
Manager approved the completion of development. Field parameters were considered 
stable when pH varied by less than 0.5 units, and specific conductance varied by less 
than 10 percent over three sequential water samples. These data were recorded in 
field logbooks. 

The total volume of water removed from each well and the values of stabilized field 
parameters are shown in Table 4-3. The total volume of water removed from each well 
was greater than the criteria specified above because five volumes were not sufficient to 
result in clear well water. Clear water was defined as water that appears to be a light 
pinkish-brown or clearer when observed in a white, 5-gallon bucket. Generally, the 
water pumped from the RGA wells became clear. However, shallow wells often did 
not produce enough water to achieve clarity by bailing. Shallow wells were bailed at 
intervals of time until the necessary volume was removed, the parameters stabilized, 
and the Task Manager approved the completion of development based on the hours 
spent, volume removed, rate of well recovery, and water color descriptions. 

Monitoring Well-161 (a RGA well) did not clear after 24 hours of development. 
During well development sand was sounded inside of the well screen. Because the 
measured sand level did not decrease with continued pumping, this well was not 
considered acceptable. MW-161 was abandoned by pressure grouting inside the well 
casing to the ground surface. MW-161 was replaced with MW-161A. 

DECONTAMINATION OF EQUIPMENT 

The purpose of consistent decontamination procedures is to prevent the spread of 
possibly contaminated material between boreholes and samples and from the immedi- 
ate work area around the well borehole. Drilling and sampling equipment were 
decontaminated according to Energy Systems methods ESP-900 and ESP-901. Before 
setting up at a drilling location, a drill rig was decontaminated by steam cleaning, 
according to ESP-901. The drill rig was steam cleaned between well group locations, 
but not between wells within a group. Steam cleaning took place at the offsite 
decontamination pad. 

Downhole equipment (drill rods, bits, augers, samplers, etc.) was decontaminated, 
according to ESP-900 as follows: (1) detergent/potable water wash, (2) potable tap 
water rinse, (3) organic-free water rinse, (4) isopropanol rinse, ( 5 )  organic-free water 
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Table 4-3 
Stage A Monitoring Well Development Data 

PGDP Phase I1 Site Investigation 

Color 

Light 
pink-brown 

Light 
pink-brown 

No record 

Comments 

Well developed 01-08-91 
HNu up to 15 pprn in casing 
0 ppm in breathing zone 

Well developed 01-14-91. 
HNu up to 150ppm in casing 
0 ppm in breathing zone 

HNu=20 ppm in casing to 
lOOppm in bucket. 
Well developed on 01-15-91. 

Gals. 
Removed 

45 

195 

24 

- - ~ ~  

H a .  

Bail Pump (SU) 
Surge/ Hrs. PH 

5.5 2 6.3 
6.1 
6.2 

9.5 7 7.8 
7.9 
7.2 

3 0 6.7 
6.7 
LO 

BAT 

1353 

415 

12 27 7.1 
7.1 
7.1 

13.25 9.5 6.1 
6.2 
6.1 

2 0 6.7 
6.7 
6.6 

RGA 
RGA 

Shallow 
gs 

22.5 2.25 0 
677 7 9.5 7.5 

7.5 
7.5 

175 17 0 7.1 
7.7 
7.6 

Parameters 
Well 

Screen 
Zone 

Well 
No. 

Cond. 
(Umho) 

180 
180 
180 

Temp. 
('C) 

10 
9 

10 

MW-155 RGA' 

MW-156 -; i - - o  

200 
200 10 

RGA 

MW-157 Shallow 
gs2 

RGA MW-158 14 
13 
13 

Very 
clear 

180 
180 
180 

90 
89 
90 

Well developed on 02-26-91 

MW-159 RGA 12 
13 
13 

Cloudy Well developed on 01-06-91 
Grout flakes found in the 

MW-160 Shallow 
gs 

360 
365 
370 t Murky 23 Well developed on 02-26-91 

Clear Well was replaced with 161A 
Well developed on 2-18-91. I MW-161 

M W- 161 A 192 
192 
190 

MW-162 :: 1 Iy 
383 

brown 
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Gals. Surge/ HI%. 
Pump 

7 

Cond. Temp. 
Color 

7.6 355 16 Moderate 
7.7 360 16 yellow 
7.5 360 17 brown 

PH 
(SU) (Umho) ('C) 

8 32 I MW-164 I Shallow I 

MW-163 

MW-166 I Shallow I 16.5 I 3.5 

RGA 1065 7.5 

7.0 
7.0 
7.0 

339 15 Cloudy 
336 15 
323 15 

Table 4-3 
Stage A Monitoring Well Development Data 

PGDP Phase I1 Site Investigation 

::/p 6.9 335 

Page 2 of 5 

~~ 15 14 Clear 

15 

I Parameters I 

0 7.1 240 16 
7.0 245 17 
7.1 245 18 

0 7.2 422 13 
7.2 427 14 
7.2 424 14 

4.5 7.2 120 15 
7.4 119 15 
7.4 119 15 

6 7.0 75 11 
6.9 70 11 
7.2 70 11 

0 6.7 368 11 
6.7 363 11 

0 5.8 195 15 
5.7 190 15 

~ 5.8 190 15 

MW-167 

MW-168 

MW-169 

Shallow 37 3.75 
gs 

RGA 292 3.75 

RGA 190 5 

MW-170 

MW-171 

Shallow 79 9.75 
gs 
Shallow 54 5 

L O W  

turbidity 

Light brown 
cloudy 

Clear 

Clear 

Cloudy 

Clear 

Comments 

Well developed on 02-08-91 

Well developed on 02-22-91 

Well developed on 02-07-91 

Well developed on 02-28-91 
Bails dry. 
3 to 4' of water in well 

Well developed on 02-22-91 
Slow water recovery 

Well developed on 02-01-91 

Well developed on 02-06-91 

Well developed on 02-25-91 

Well developed on 02-28-91 



Page 3 of 5 PGDP Phase I1 Site Investigation 

Parameters 
Well Hrs.  

Well Screen Gals. Surge/ Ilrs. PI1 Cond. Temp. 
NO. Zone Kemoved Bail Pump (SU) (Umho) ('C) Color 

MW-172 Shallow 73 6 0 6.9 250 15 Fairly 
ss 6.4 245 15 clear 

7.4 250 10 

MW-173 RGA 560 3.5 15 7.1 220 10 Light 
7.3 220 10 brown 
7.4 225 10 

MW-174 Shallow 29.5 5.5 0 6.9 445 13 murky 
gS 6.8 450 14 

6.8 470 14 

MW-175 RCiA 830 3 19 7.6 500 17 Light brown 
7.6 4%) 17 alternates 
7.6 4x0 17 with clear 

M W- 176 Shallow 0 3 0 

MW-177 Shallow 14.75 6.25 0 6.6 350 18 Murky 
gS 6.6 355 18 brown 

MW-178 RGA 410 2 I 1  7.7 432 20 Clear 

6.7 355 18 

6.9 430 20 
7.0 420 19 

6.9 650 14 orange 
6.7 650 14 

M W- 180 Sha I low 22.5 6 0 6.9 580 15 Murky 

MW-179 RGA 276 2.5 5.5 7.5 600 12 Light 

gS 6.9 585 15 light brown 
7.0 5%) 15 

0 

Comments 

Well developed on 02- 14-91. 
Bails dry. 

Well developed on 02-14-91 

Well developed on 02-14-91 
Bails dry. 

Well developed on 02-25-91 
No gravel pack in well; 
formalion caved around 

Well is dry 

Only 4' water in well. 
Well developed on 03-05-91 

Well developed 02-20-91 
Problems with pH meter so 
brought new pH meter 
Well developed on 02-28-91 

Only recovers partially 
in 24 hours. 
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Hrs. 
Surge/ 

Bail 

Table 4-3 

PGDP Phase I1 Site Investigation Page 4 of 5 

Parameters 

Hrs. PH Cond. Temp. 
Pump (SU) (Umho) (‘C) Color Comments 

! 

MW-181 RGA 350 3 

MW-182 Shallow 18.5 6.5 
gs 

11 6.7 330 13 Clear Well developed on 03-04-91 
7.0 335 14 
7.2 330 14 

6.9 620 15 brown 
6.9 625 15 

0 6.8 610 15 Dark Well developed on 03-07-91 

Page 4 of 5 

MW-184 Shallow 27.5 6.25 
on the 
terrace 

MW-185 RGA 290 2 

MW-1% Shallow 39.5 4.5 

I gs I I I 

0 6.6 610 13 Light Bails dry. 
6.7 610 13 brown 
6.9 615 14 muddy 

6.8 300 14 
6.9 298 14 

6.1 2290 16 Well developed on 02-28-91 

4.5 7.0 300 14 Clear Well developed on 02-22-91 

0 6.1 2190 14 Cloudy Bails dry. 

I 6.1 I 2280 I 15 I I 
MW-187 Shallow 63.5 4.25 

gs 

MW-188 RGA 2 

MW-189 Shallow 78 7.75 

0 6.4 720 14 Low Well developed on 03-01-91 
6.5 700 14 turbidity 
6.5 740 15 

9.3 7.0 190 15 Clear Well developed 2-14-91. 
7.1 187 15 
7.1 185 15 

0 6.6 165 15 Cloudy vinyl chloride draeger 
6.7 165 15 brown tube dropped in well. 
7.0 170 16 Well developed on 03-05-91 

H S .  
Pump 

Cond. Temp. I (:!) I (Umho) 1 (‘C) 1 Color 

I I 

11 

0 

6.7 330 
7.0 335 
7.2 330 

6.8 610 
6.9 620 
6.9 625 

13 
14 
14 

Clear 

:: 
15 

Dark I brown 

MW-184 Shallow 27.5 
on the 
terrace 

MW-185 RGA 290 

MW-1% I Shallow I 39.5 

0 

4.5 

0 

6.6 610 
6.7 610 
6.9 615 

7.0 300 
6.8 300 
6.9 298 

6.1 2190 
6.1 2290 
6.1 2280 

14 
16 

Cloudy 

0 

9.3 

6.4 720 14 Low 
6.5 700 14 turbidity 
6.5 740 15 

7.0 190 15 Clear 
7.1 187 15 
7.1 185 15 

0 6.6 165 15 Cloudy 
6.7 165 15 brown 
7.0 170 16 

Hrs. 
Surge/ 

Bail 

Well 
Well Screen Gals. 
No. Zone Removed 

Screen Gals. 
Comments 

350 3 Well developed on 03-04-91 MW-181 RGA 

6.5 Well developed on 03-07-91 MW-182 Shallow 

6.25 13 
13 
14 

Light 
brown 

Bails dry. 

muddy 

Clear 2 14 
14 
14 

Well developed on 02-22-91 

Bails dry. 
Well developed on 02-28-91 

4.5 

MW-187 I Shallow I 63.5 4.25 Well developed on 03-01-91 

I g s  I 
2 Well developed 2-14-91. 

7.75 vinyl chloride draeger 
tube dropped in well. 
Well developed on 03-05-91 



Table 4-3 
Stage A Monitoring Well Development Data 

Well 
No. 

MW-190 

PGDP Phase I1 Site Investigation Page 5 of 5 

Well 

Zone Removed 

Shallow 69 
gs 

Screen Gals. Cond. 
(Umho) 

950 
920 
880 

Hm. 
Surge1 

Bail 
Temp. 

('C) Color 

15 Cloudy 
15 
13 

5.25 

Hrs. 
Pump 

0 

Parameters I 

PH 
(SU) 

6.8 
6.3 
6.9 

'RGA is the Regional Gravel Aquifer in Lower Continental Deposits 
2Shallow gs is the shallow groundwater system in Upper Continental Deposits /I # LO B is low batterv readout on field pH meter 

Comments 

Well developed 2-14-91 

P 
t3 
0 



rinse, and (6) air drying. Downhole and soiled equipment (i.e., horses, pipe wrenches, 
tools) was decontaminated between each well location and before drilling below the 
isolation casing in the RGA wells. Decontamination occurred at the offsite 
decontamination pad. 

Downhole equipment such as soil samplers were decontaminated between each use in 
the field at the drill site using a metal trough to collect the decontaminated water. 
Samplers were laid on a screen over the trough, and stainless steel, pressurized 
sprayers, containing detergent, potable water, organic-free water, and isopropanol were 
used with brushes to clean the samplers at the site. After cleaning and air-drying, the 
samplers were scanned by the IH/HP with an HNu for a final check before reentering 
them in the borehole. 

The remainder of the downhole equipment was wrapped in plastic, loaded on a trailer, 
and carried to the decon pad for decontamination, using the same procedure, but with 
hot water from the steam cleaner. Decontaminated equipment was then wrapped in 
plastic and transported to the drill site. There was no IH/HP coverage at the offsite 
decontamination pad to scan decontaminated equipment. However, team members 
visually inspected equipment as it was used at a new borehole or below the isolation 
casing. 

STLs were responsible for preventing cross-contamination between soil samples col- 
lected for laboratory analysis. Sample preparation tables were wrapped with clean, 
disposable, plastic between analytical samples. Disposable plastic was laid beneath 
tables and around the borehole to catch soils dropped on the ground. Stainless steel 
bowls and implements were decontaminated either at the decontamination pad or drill 
site between samples. 

Personal protective equipment and disposable items were disposed of into labeled PPE 
drums before leaving the exclusion zone at a drill site. 

There was one well group location, MW-177/-178 (Figure 4-1), where development 
equipment (a crane) was moved out of the exclusion zone and decontaminated before 
being moved out of the plant. Wet soil conditions, no drill pad, and variously elevated 
radioactivity readings in the area created conditions for the possibility of spreading 
contaminants. The crane was driven up a ramp onto a plastic covered flatbed trailer 
where it was taken to the onsitc decontamination pad for cleaning. 

WASTE MANAGEMENT 

Potentially hazardous wastes generated during the Stage A well installation task include 
borehole soils (drill cuttings), disposable personal protective equipment (PPE), and 
fluids removed from the borehole, the well, or generated by decontaminating equip- 
ment. These wastes were segregated by type (soils, PPE, and waste water) and by 
location. 

4-2 1 



Soils, or drill cuttings, were contained and segregated by well or borehole number, well 
development water was contained and segregated by well cluster and composited into 
1,200-gallon storage tanks at the PGDP Secured Storage Area (SSA), and field decon- 
tamination waste water was pumped into drums at the well site or transported to the 
offsite decon pad and pumped into decontamination water tanks. Ultimately, wastes 
were transported and stored in the SSA until chemical classification to determine their 
release. 

Brotcke Engineering was responsible for drumming wastes in 55-gallon drums at a drill 
site and transporting drummed wastes from each well cluster location to the SSA. The 
Waste Manager assigned drum numbers to the STL, who labeled drums. Soils were 
shoveled from the metal plate around the borehole directly into lined, 55-gallon drums. 
Well development water was either bailed into 55-gallon drums or pumped into a 
600-gallon mobile tank at the well group. Mobile tanks were transported to SSA and 
pumped, under the direction of the Waste Manager, into 1,200-gallon storage tanks. 

A waste composite sample, as described under the Soil Sampling section, was collected 
by the STL at each cluster location. 

INTERPRETATION 

Data collected during Stage A well installation include lithologic logs and HNu and 
radiological screening data. Figure 4-3 shows Stage A locations where there were no 
appreciable deposits logged as lean clays (aquitards) encountered between the 
permeable zones in the shallow aquifer system and the RGA. Also shown are locations 
where no shallow saturated sand or sand and gravel zones were recorded in the Upper 
Continental Deposits. These locations theoretically represent opportune and 
inopportune conditions for contaminants to migrate downward to the RGA. 

Also indicated on Figure 4-3 are locations where soil sample(s) had HNu or 
radiological screening data values greater than background. These data will be checked 
against laboratory soil and groundwater data when they are available. 

REFERENCES 

CH2M HILL. "Results of the Site Investigation, Phase I at the Paducah, Gaseous Dif- 
fusion Plant." December 21, 1990. 

CH2M HILL. "Phase I1 Site Investigation Work Plan for Paducah Gaseous Diffusion 
Plant." June, 1990. 
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Attachment 4-A 
Field Exploration Information 

WELL GROUP NO. 1: WMU 11 - TCE Leak Site 

Onsite Personnel MW-155 

installation: 
12-05-90112-12-90 

development: 
01-03-9 1/01-08-9 1 

Well TD = 92 ' 
below pad surface 

MW-156 

installation: 
12- 13-90/12- 19-90 

development: 
01-07-91/01-14-91 

Well TD = 70' 
below pad surface 

MW-157 

installation: 
12-19-90112- 19-90 

development: 
01 -07-9 1/01 - 15-9 1 

Well TD = 35' 
below pad surface 

Equipment 

CME 75 rig 
12 " continuous 
flight augers to 
46' 

7 3/4" O.D. CME 
augers to 95' 

5' x 3" ID CME 
sampler 

EauiDment 

see MW-155, except 
7 314" augers to 
75' 

Equipment 

CME 75 rig 

7 3/4" O.D. CME 
augers to 37' 

5' x 3" ID CME 
sampler 

J. Anderson (STL-CH) 
B. Soma (ST-CH) 
A. Grigsby (IH/HP-EB) 
D. Spencer (escort-CH) 
C. Faus (BR) 
R. Holder (BR) 
R. Dependahl (BR) 
H. Fowler (escort-CH) 
E. Pomar (CH) 
D. Frain (IH/HP-EB) 
J. Houston (escort-CH) 
T. Boone (BR) 
M. Umfleet (BR) 

Onsite Personnel 

(see MW-155) plus 
M. Kizilbash (BR) 
M. Jackson (escort-CH) 
C. Thompson (BR) 
B. Moya (IH/HP-EB) 
P. Eggering (BR) 

Onsite Personnel 

(see MW-155) plus 

C. Thompson (BR) 



Attachment 4-A (Continued) 
Field Exploration Information 

WELL GROUP NO. 2: WMU 91 - Cylinder Drop Test Area 

MW-159 EauiDment Onsite Personnel 

installation: 
1 1-28-90/12- 14-90 

development: 
01-17-911 

Well TD = 68' 
below pad surface 

MW-158 

installation: 
1 1-30-90112- 14-90 

development: 
01 - 15-9 1/01 - 18-9 1 

Well TD = 108' 
below pad surface 

MW-160 

installation: 
12-05-90/12-05-90 

development: 
01- 18-9 1101- 18-9 1 

CME 55 rig 

12 " continuous 
flight augers to 
35 * 

7 314" O.D. hollow 
I stem augers to 70' 

5' x 3" ID CME 
continuous sampler 

Equipment 

CME 55 rig 

12" continuous 
flight auges to 
35' 

7-3 14 " hollow 
stem augers to 110' 

. 5' x 3"ID sampler 

Equipment 

CME 55 rig 

7-314" hollow 
stem augers to 28' 

G. Schaefer (STL-CH) 
B. Souza (ST-CH) 
D. Beard (IH/HP-EB) 
C. Leneave (escort-CH) 
G. Autry (BR) 
S. Umfleet (BR) 
N. Risner (BR) 
B. Nash (IH-CH) 
E. Pomar (CH) 
D. Frain (IH/HP-EB) 
J. Houston (escort-CH) 
T. Boone (BR) 
C. Thompson (BR) 

Onsite Personnel 

(S~X MW-159) 

Onsite Personnel 

(see MW-159) 

Well TD = 25' 
below pad surface 



Attachment 4-A (Continued) 
Field Exploration Information 

WELL GROUP NO. 3: W M U  1 - North of Oil Landfarm 

MW-161A Onsite Personnel 

installation: 
01-30-91/02-01-91 

development: 
02- 1 1-9 1 /02- 18-9 1 

Well TD = 83' 
below pad surface 

MW-162 

installation: 
11-30-90/11-30-90 

development: 
01-28-91102-18-92 

Well TD = 24' 
below pad surface 

Equipment 

CME 55 rig 

12 " continuous 
flight augers to 
40' 

7 3/4" O.D. hollow 
stem augers to 85' 

5' x 3" ID CME 
continuous sampler 

Equipment 

CME 75 rig 

7-3/4" hollow 
stem augers to 25' 

5' x 3" ID CME 
continuous sampler 

G. Schaefer (STL-CH) 
S. Wade (IHm-EB) 
J. Hayden (escort-CH) 
G. Autry (BR) 
S. Umfleet (BR) 
N. Risner (BR) 

Onsite Personnel 

D. Geswender (STL-CH) 
J. Anderson (ST-CH) 
D. Morrison (IH/HP-EB) 
W. Cunningham (escort-CH 
J. Lutman (BR) 
G. Shetley (BR) 
T. Childress (BR) 

B. York (ST-CH) 
S. McCarthy (BR) 
R. Hanger (BR) 
B. Moya (IH/HP-EB) 
M. Jackson (escort-CH) 



Attachment 4-A (Continued) 
Field Exploration Information 

WELL GROUP NO. 4: Eastern Part of Plant 

MW-163 

installation: 
12- 10-90/12- 17-90 

development: 
01-25-91/02-08-91 

Well TD = 99' 
below pad surface 

CME 75 rig 

12 " continuous 
flight augers to 
55' 

7 3/4" O.D. hollow 
stem augers to 100' 

5' x 3" ID CME 
continuous sampler 

Onsite Personnel 

D. Geshwender (STL-CH) 
B. Souza (ST-CH) 
D. Morrison (IH/HP-EB) 
W. Cunningham (escort-CH 
J. Lutman (BR) 
T. Childress (BR) 
G. Shetley (BR) 
B. Nash (SSC-CH) 

E. Pomar (STL-CH) 
D. Frain (IHMP-EB) 
J. Houston (escort-CH) 
T. Boone (BR) 
C. Thompson (BR) 

MW-164 Equipment Onsite Personnel 

installation: 
12- 18-901 12- 19-90 CME 75 rig (see MW-163) except 

development: 7-3/4" hollow 
B. Souza (ST-CH) 

01-25-91102-22-91 stem augers to 48' 

Well TD = 47' 
below pad surface continuous sampler 

5' x 3" ID CME 



Attachment 4-A (Continued) 
Field Exploration Information 

WELL GROUP NO. 5: Northern Part of Plant 

MW-165 Equipment Onsite Personnel 

installation: CME 55 rig 
12- 14-90/01-03-9 1 

12 " continuous 
development: flight augers to 
01-29-91/02-08-91 60' 

Well TD = 68' 7-314" O.D. hollow 
below pad surface stem augers to 70' 

5' x 3" ID CME 
continuous sampler 

MW-166 Equipment 

installation: 
12-20-90/ 12-20-90 CME 55 rig 

development: 7-3/4" hollow 
01-29-91/02-28-91 stem augers to 40' 

G. Schaefer (STL-CH) 
B. Souza (ST-CH) 
D. Beard (IH/HP-EB) 
C. Leneave (escort-CH) 
G. Autry (BR) 
S. Umfleet (BR) 
N. Risner (BR) 
B. Nash (M-CH) 
C. Leneave (escort-CH) 

E. Pomar (CH) 
D. Frain (IHIHP-EB) 
J. Houston (escort-CH) 
T. Boone (BR) 
C. Thompson (BR) 

Onsite Personnel 

(see MW-165) except 
B. Souza (ST-CH) 
B. Nash (SSC-CH) 

Well TD = 38' ' 5' x 3" ID CME 
below pad surface continuous sampler 



Attachment 4-A (Continued) 
Field Exploration Information 

WELL GROUP NO. 6: AREA A - Dim1 Spill 

MW-167 Equipment Onsite Personnel 

installation: 
01-15-91/01-15-91 CME 75 rig D. Geswender (STL-CH) 

D. Morrison (IH/HP-EB) 
development: 7-314" O.D. hollow W. Cunningham (escort-CH 
01 -3 1-91/02-01-91 stem augers to 28' J. Lutman (BR) 

G. Shetley (BR) 
Well TD = 26' 5' x 3" ID CME T. Childress (BR) 
below pad surface continuous sampler 

E. Pomar (STL-CH) 
J. Houston (escort-CH) 
D. Frain (IHW-EB) 
T. Boone (BR) 
C. Thompson (BR) 

MW-168 Equipment Onsite Personnel 

installation: 
12-20-90/0 1 - 15-9 1 

development: 12 " continuous 
01-30-91/02-01-91 flight augers to 

Well TD = 68' 
below pad surface 

CME 75 rig (SW MW-167) plus 
R. Dependahl (BR) 

35' 

7-3/4" O.D. hollow 
stem augers to 70' 

5' x 3" ID CME 
continuous sampler 



Attachment 4-A (Continued) 
Field Exploration Information 

WELL GROUP NO. 7: WMU 2 & 3 - Downgradient (001-Ditch) 

MW-169 Equipment Onsite Personnel 

installation: CME 75 rig 
12-20-90/01-08-9 1 

12 " continuous 
development: flight augers to 
01-30-91/02-06-91 35' 

Well TD = 70' 7-314" O.D. hollow 
below pad surface stem augers to 70' 

5' x 3" ID CME 
continuous sampler 

J. Anderson (STL-CH) 
B. Souza (ST-CH) 
D. Geshwender (ST-CH) 
D. Spencer (escort-CH) 
A. Grigsby (IH/HP-EB) 
C. Faus (BR) 
R. Dependahl (BR) 
R. Holder (BR) 
J. Lutman (BR) 
G. Shetley (BR) 
T. Childress (BR) 
H. Fowler (escort-CH) 
M. Jackson (escort-CH) 

B. York (ST-CH) 
Scott McCarthy (BR) 
R. Hanger (BR) 
B. Moya (IH/HP-EB) 

MW-170 Equipment Onsite Personnel 

installation: 
01 -04-9 1/01-04-9 1 CME 75 rig (see MW-169 except 

development: 7-314" O.D. hollow and add D. Morrison) 
01-3 1-91/02-Z-91 

delete A. Grigsby 

stem augers to 30' 

Well TD = 30' 
below pad surface continuous sampler 

5' x 3" ID CME 



Attachment 4-A (Continued) 
Field Exploration Information 

WELL GROUP NO. 8: WMU 2 & 3 - Downgradient (001-Ditch) 

MW-171 Equipment Onsite Personnel 

installation: 
01-04-9 1 /01-07-9 1 CME 55 rig G. Schaefer (STL-CH) 

B. Souza (ST-CH) 
development: 7-314" O.D. hollow D. Beard (IH/HP-EB) 
02-05-9 1 /02-05-9 1 stem augers to 25' C. Leneave (escort-CH) 

G. Autry (BR) 
Well TD = 23' 5' x 3" ID CME S. Umfleet (BR) 
below pad surface continuous sampler N. Risner (BR) 

G. Shetley (BR) 

G. Shaefer (CH) 

WELL GROUP NO. 9: WMU 2 & 3 - Downgradient (001-Ditch) 

MW-172 Equipment Onsite Personnel 

installation: 
01-07-9 1/01-08-9 1 CME 55 rig (see MW-171) except 

G. Shetley (BR) 
development: 7-314" hollow 
02-06-91/02-14-91 , stem augers to 30' 

Well TD = 27' 
below pad surface continuous sampler 

5' x 3" ID CME 



Attachment 4-A (Continued) 
Field Exploration Information 

WELL GROUP NO. 10: WMU 17 & 18 - Upgradient of Lagoons 

MW-173 Equipment Onsite Personnel 

installation: 
01 -09-9 1/01- 15-9 1 CME 55 rig 

development: 12" continuous 
02-08-9 1 /02- 18-9 1 flight augers to 

35' 
Well TD = 58' 
below pad surface 7-3/4 0. D . hollow 

stem augers to 60' 

G. Schaefer (STL-CH) 
B. Souza (ST-CH) 
D. Beard (IHW-EB) 
C. Leneave (escort-CH) 
G. Autry (BR) 
S. Umfleet (BR) 
N. Risner (BR) 
C. Leneave (escort-CH) 

5 'x3"IDCME 
continuous sampler 

MW-174 Equipment Onsite Personnel 

installation: 
01- 16-9 1/01- 16-9 1 

development: 7-3/4" hollow D. Beard (IH/HP-EB) 
02-08-91/02-14-91 stem augers to 30' S. Waide (IH/HP-EB) 

G. Autry (BR) 
Well TD = 28' 5' x 3" ID CME S. Umfleet (BR) 
below pad surface continuous sampler N. Risner (BR) 

CME 55 rig G. Schaefer (STL-CH) 
C. Leneave (escort-CH) 



Attachment 4-A (Continued) 
Field Exploration Information 

WELL GROUP NO. 11: WMU 47 - Tc-99 Tank; N W  of C-400 

MW-175 Equipment 

installation: 
01 -09-91 /01- 15-9 1 CME 75 rig 

development: 12 " continuous 
02-20-9 1 /02-26-9 1 fiight augers to 

40' 
Well TD = 80' 
below pad surface 7-3/4" O.D. hollow 

stem augers to 80' 

MW-176 

installation: 
01 - 16-9 1/01- 16-9 1 

development: 
02-20-91 

Well TD = 37.5' 
below pad surface 

5' x 3" ID CME 
continuous sampler 

Onsite Personnel 

J. Anderson (STL-CH) 
B. Souza (ST-CH) 
D. Spencer (escort-CH) 
A. Grigsby (IH/HP-EB) 
C. Faus (BR) 
R. Dependahl (BR) 
R. Holder (BR) 
H. Fowler (escort-CH) 

Equipment Onsite Personae1 

CME 75 rig 

7-3/4" O.D. hollow 
stem augers to 37.5' 

(see MW-175) except 
B. Souza (ST-CH) 
D. Spencer (escort-CH) 

5' x 3" ID CME 
continuous sampler 



Attachment 4-A (Continued) 
Field Exploration Information 

WELL GROUP NO. 12: WMU 40 - Neutralization Tank, NE of C-400 

MW-177 Equipment Onsite Personnel 

installation: 
01-16-91101-23-91 CME 75 rig D. Geswender (STL-CH) 

D. Morrison (IH/HP-EB) 
development: 7-3/4" O.D. hollow W. Cunningham (escort-CH) 
02-14-91/03-05-91 stem augers to 46.5' J. Lutman (BR) 

G. Shetley (BR) 
Well TD = 44.5' T. Childress (BR) 
below pad surface 

MW-178 Equipment Onsite Personnel 

installation: 
01 - 16-91/01-22-9 1 CME 75 rig (see MW-177) plus 

development: 12 " continuous B. Avolio (STL-CH) 
02- 14-9 1/02-20-9 1 flight augers to G. Stephens (IH/HP-CH) 

Well TD = 67.5' 
below pad surface 

B. Souza (ST-CH) 

50' B. Nash (SSC-CH) 

7-3/4" O.D. hollow 
stem augers to 69' 

5' x 3" ID CME 
continuous sampler 



Attachment 4-A (Continued) 
Field Exploration Information 

WELL GROUP NO. 13: WMU 10 - Inert Landfill 

MW-179 Equipment Onsite Personnel 

installation: 
02-01-91102-05-91 

development: 
02-25-91102-28-91 

Well TD = 57' 
below pad surface 

CME 75 rig D. Geshwender (STL-CH) 
D. Morrison (IH/HP-EB) 

12" continuous J. Lutman (BR) 
flight augers to G. Shetley (BR) 
39' T. Childress (BR) 

7-314" O.D. hollow C. Kantowski (ST-CH) 
C. Thompson (BR) 
R. Scott (BR) 

stem augers to 59' 

MW-180 Ehpipment Onsite Personnel 

installation: 
01-30-9 1101-30-9 1 CME 55 rig (SS MW-179) plus 

L. Kieffe (ST-CH) 
development: 7-314" O.D. hollow T. Bmne (BR) 
02-25-9 1103-08-91 stem augers to 30' 

Well TD = 27' 
below pad surface 



Attachment 4-A (Continued) 
Field Exploration Information 

WELL GROUP NO. 14: WMU 9 - Residential Landfill 

MW-181 Equipment 

installation: CME 75 rig 
02-06-9 1/02- 12-9 1 

12 " continuous 
development: flight augers to 
02-27-91/03-08-9 1 35.5' 

Well TD = 57' 
below pad surface 

7 314" O.D. CME 
augers to 60' 

5' x 3" ID CME 
sampler 

Onsite Personnel 

D. Geshwender (STL-CH) 
D. Morrison (IH/HP-EB) 
J. Lutman (BR) 
G. Shetley (BR) 
T. Childress (BR) 
L. Kieffe (ST-CH) 
B. York (ST-CH) 
T. Boone (BR) 
S. McCarthy (BR) 
C. Thompson (BR) 
W. Cunningham (escort-CH) 

MW- 182 Equipment Onsite Personnel 

installation: 
02-08-91/02-08-91 (see MW-181) (see MW-181) p l u ~  

C. Kantowski (ST-CH) 
development: 
02-27-91/03-04-91 

Well TD = 20' 
below pad surface 



Attachment 4-A (Continued) 
Field Exploration Information 

W L L  GROUP NO. 15: WMU 8 - Sanitary Landfill 

MW-183 Equipment Onsite Personnel 

installation: 
01-24-91/01-29-91 CME 55 rig G. Schaefer (STL-CH) 

development: 12" continuous C. Leneave (escort-CH) 
not applicable flight augers to G. Autry (BR) 

25' S. Umfleet (BR) 
Well TD = N/A N. Risner (BR) 

7-3/4" O.D. hollow R. Hanger (BR) 
stem augers to 70' 

S. Waide (IH/HP-EB) 

5' x 3" ID CME 
continuous sampler 

MW-184 Equipment 

installation: 
01-25-91/01-25-9 1 CME 55 rig 

development: 7-3/4" hollow 
02-27-91/03-08-91 stem augers to 15' 

Well TD = 13' 
below pad surface 

Onsite Personnel 

G. Schaefer (STL-CH) 
S. Waide (IHlHP-EB) 
G. Autry (BR) 
S. Umfleet (BR) 
N. Risner (BR) 
C. h t o w s k i  (ST-CH) 
L. Kieffe (ST-CH) 
C. Thompson (BR) 
T. Boone (BR) 



Attachment 4-A (Continued) 
Field Exploration Information 

WELL GROUP NO. 16: WMU 7 - Burial Ground 

MW-185 Equipment Onsite Personnel 

installation: 
01 - 16-91/01-23-9 1 CME 55 rig G. Schaefer (STL-CH) 

development: 12" continuous C. Leneave (escort-CH) 
02-21-91/02-22-91 flight augers to G. Autry (BR) 

Well TD = 73' N. Risner (BR) 
below pad surface 7-314" O.D. hollow T. Boone (BR) 

S. Waide (IH/HP-EB) 

40' S. Umfleet (BR) 

stem augers to 75' 

5' x 3" ID CME 
continuous sampler 

MW-186 Equipment Onsite Personnel 

installation: 
01-21-9 1101-22-9 1 CME 55 rig (SW MW-185) plus 

L. Kieffe (ST-CH) 
development: 7-3/4" hollow 
02-21-91/02-28-91 stem augers to 25' 

Well TD = 23' 
below pad surface 

WELL GROUP NO. 17: WMU 30 - Burn Area 

MW-187 Equipment Onsite Personnel 

installation: 
01 - 16-91 /01- 17-9 1 J. Anderson (STL-CH) 

H. Fowler (escort-CH) 
development: 7-314" hollow A. Grigsby (IH/HP-EB) 
02-22-9 1 /03-01-9 1 C. Faus (BR) 

R. Holder (BR) 
Well TD = 26.7' R. Dependahl (BR) 
below pad surface sampler L. Kieffe (ST-CH) 

G. Schaefer (ST-CH) 
T. Boone (BR) 
C. Thompson (BR) 

CME 75 rig 

stem augers to 40' 

5' x 3" ID CME 



Attachment 4-A (Continued) 
Field Exploration Information 

WELL GROUP NO. 18: WMU 1 - South of Oil Landfarm 

~~ ~ _ _ _ _ _ _ _ _  

MW-188 Equipment Onsite Personnel 

installation: 
0 1-2 1-9 1/01 -23-9 1 CME 75 rig 

development: 12 " continuous 
02-1 1-9 1/02- 14-9 1 flight augers to 

40' 
Well TD = 75' 
below pad surface 7-3/4" O.D. hollow 

stem augers to 75' 

5' x 3" ID CME 
continuous sampler 

J. Anderson (STL-CH) 
L. Darragh (STL-CH) 
L. Kieffe (ST-CH) 
B. Souza (ST-CH) 
H. Fowler (escort-CH) 
A. Grigsby (IHIHP-EB) 
C. Faus (BR) 
R. Dependahl (BR) 
R. Holder (BR) 
P. Eggering (BR) 
G. Schaefer (STL-CH) 
C. Thompson (BR) 
R. Scott (BR) 
T. Boone (BR) 

MW-189 Equipment Onsite Personnel 

installation: 
01-24-91/01-24-91 CME 75 rig (see MW-188) except 

development: 7-3/4" O.D. hollow L. Darragh (ST-CH) 
02- 12-9 1103-05-9 1 stem augers to 28.5' 

B. Souza (ST-CH) 

Well TD = 27.5' 
below pad surface 

CLUSTER NO. 19: WMU 5 - Classified Burial Yard 

MW-190 Equipment Onsite Personnel 

installation: J. Anderson (STL-CH) 
01 - 18-9 1/01- 18-9 1 CME 75 rig A. Grigsby (IH/HP-EB) 

H. Fowler (escort-CH) 
development: 7-3/4" O.D. hollow C. Faus (BR) 
02-08-91/02-14-91 stem augers to 25' R. Dependahl (BR) 

R. Holder (BR) 
Well TD = 22.5' B. York (ST-CH) 
below pad surface sampler S. McCarthy (BR) 

L. Kieffe (ST-CH) 
T. Boone (BR) 

5' x 3" ID CME 



Attachment 4-B 

soil 
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Logs 
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O R 0  30888.FI 

START 12/05/90 FINISH 12/11/90 WATERLEVELS 

BORING NUMBER 

MW-155 SHEET 1 OF 4 
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TEST 
RESULTS 

SOIL DESCRIPTION 

SOIL NAME, USCS GROUP SYMBOL. COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

WELL GRADED GRAVEL [fill] 

SANDY SILT WITH GRAVEL (ML) mod. 
yellow-brown (10 YR 5/41, t race clay, 
moist 

SILT (ML) medium gray (N5). moist. 

LEAN CLAY (CL) mod. yellow-brown (IO 
Y R  5/41 with occasional black (possibly 
organic) mottling; moist, low plasticity. 

LEAN CLAY (CL) as above; slightly more 
plastic, mottling pale yellow-brown (10 YR 
6/21, 

LEAN CLAY (CL) as above. 

SANDY LEAN CLAY (CL) pale 
yellow-brown (10 Y R  6/2), moist: fine 
sand. Medium gravel from 21' to 22'. 

LEAN CLAY (CL) mod. brown (5 YR 4/41, 
moist; trace fine sand. 

WELL GRADED SAND WITH CLAY (SW-SC) 
light brown (5 YR 5/61, moist, fine sand. 

COMMENTS 

DEPTH OF CASING, DRILLING R A  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Background HNu: 0 ppm. 

Backaround Rad: 40 cpm. 

HNu: 0 ppm. 

Threads binding on sampler 

HNu: 0 ppm. 

HNu: 4 ppm, quickly dissipated t i  
0. 

Rad: 70 cpm. 

HNu: 0 ppm. 

Rad: Background. 

Stopped for the day, 1600. 

Resumed drilling, 1005 12/06/90. 

Driller reports gravel from 
21'-25'. 

HNu: 20 ppm (in bottom tip of  
sample). 

Rad: 80 cpm (in bottom). 

HNu: 4 ppm. 

Rad: 50 cpm 
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BORING NUMBER 
MW-155 

SHEET 2 OF 4 
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TEST 
RESULTS 

SOIL DESCRIPTION 
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SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, m 
MINERALOGY 

POORLY GRADED GRAVEL WITH SAND (GP) 
light brown (5 YR 5/61; medium gravel, fine - 
sand; moist. 

- 

- 
- 
- 

- 

SANDY LEAN CLAY (CL) ale 
yellow-brown (10 YR 6/2f wet. - 

SANDY LEAN CLAY WITH GRAVEL (CL) 
moderate yellow-brown ( IO YR 5/41, 
mottled with light gray (N7); moist. medium - 
gravel (poorly graded), fine sand. Gravel 
stops at  41'. - 

SANDY LEAN CLAY (CL) light gray (N7). 
moist, fine sand, t race silt. - 

POORLY GRADED SAND (SP) mottled light 
gray (N7) and light brown (5 YR 5/6), 
moist, fine to  medium sand. 

- 

Grades to grayish orange (IO YR 7/41, 
with medium gravel; gravel is subrounded. 

-LOGGER Jim Anderson 

COMMENTS I 
DEPTH OF CASING, DRILLING R A T  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu: 4 ppm. 

Rad: 4 0  cpm. 

HNu: 4ppm. 

Rad: 40cpm. 

HNu: 2 ppm. 

Rad: 70 CDm. 

Stopped advancing for day: 12/ 
1100. 

Set 8 "  diarn. 1.0. Isolation 
Casing to  47'; 1217. 

Beg,in advancing past isolation 
casing. 

HNu: 50 ppm. 

Rad: 60 cpm. 

Rig chattering from 50'-51'. 
Driller reports gravel. 

HNu. IO  ppm. 

Rad: 65 CDm. 

HNu: 5 ppm. 

Rad: 35 cpm. 
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SOIL DESCRIPTION I 
SOIL NAME, USCS GROUP SYMBOL. COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

-1 
0 

> O  m-1 

m 

POORLY GRADED SAND (SP) as above, 
except gravel is subangular, and sample is 
wet. 

i 
POORLY GRADED SAND (SP) mod. 
yellow-brown (10 YR 5/41 and light gray 
(N7) grains: wet, medium sand. 

WELL GRADED GRAVEL WITH SAND (GW) 
mod. yellow-brown (10 YR 5/41; wet, 
subrounded gravel. 

WELL GRADED GRAVEL WITH SAND (GW) 
as above. 

WELL GRADED GRAVEL WITH SAND (GW) 
as above, but l i tt le gravel recovery; most 
of the recovery is fine gravel and coarse 
sand. 

WELL GRADED GRAVEL WITH SAND (GW) 
as above; again, little gravel recovery; 
some medium gravel in sampler shoe. 

COMMENTS 

DEPTH OF CASING, DRILLING R A '  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Driller reports gravel a t  60.5', 
along with 1' of heave in the 
bottom of the auger. 

HNu: 2 ppm. 

Rad: 60  cpm. 

HNu: 150 ppm 

Rad: 4 0  cpm. 

HNu: 2 ppm 

Rad: 35 cpm. 

Draeger tubes (75') TCE: 17ppm 
VC: Gppm. 

1555 12/10 Stopped for day 

0845 12/11 Restarted, driller 
reports 50' water level. 

HNu: 10 ppm. 

Rad:50 cDm. 

HNu: 2 pprn. 

Rad: 50 c m  

HNu: 17 pprn. 

Rad: 35 cpm. 



I PROJECT NUMBER I BORING NUMBER 

SHEET 4 OF 4 
O R 0  30888.FI I MW-155 

START FINISH 2 WATER LEVELS 12/05/90 

SAMPLE - 
* n 
W > 
0 
u 
w 
LT - 

1.7 

STANDARD 
'E NET RAT IOh 

TEST 
RESULTS 

SOIL DESCRIPTION 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

WELL GRADED GRAVEL WITH SAND (GW) 
as above. 

SANDY LEAN CLAY (CL) dark 
yellow-orange (10 YR 6/61, wet, fine 
sand. 

Total Depth = 95.0 feet  
Bottom of hole reached @I005 12/11/90. 

Took sample 16001, a composite o f  the 
total depth of  the hole for waste 
characterization. 

COMMENTS 

DEPTH OF CASING, DRILLING R A l  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Driller reports different feel in 
rig a t  92.5'. 

HNu: 2 pprn. 

Rad: 50 c m .  



PROJECT NUMBER 
OR0 30888.FI 

I 1 

PROJECT PGDP Phase I1 Site Investigation 

ELEVATION 2" TOC N/A 

D ~ L J N G  ETHW AM EQUIWENT CME 55, 12" CFA, 7 314" 00 auger, 5'x 3'70 sampler 

WATER LEVELS 

LOaT]ON WMU-91, Cylinder Drop Test Area 

D R ~ ~ G  CONTRACTOR Brotcke Engineering 

SOIL DESCRIPTION I 

BORING NUMBER 
MW-158 SHEET 1 OF 4 

8 cu 
0 
c 

9 
0 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 
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Sand with Gravel (SW); light brown, moist, 
course rained sand, subangular gravel 
(15-258 chert pebbles are present 

throughout the interval. 

- 

STANDARD 
'ENETRATION 

TEST 
RESULTS 

From 25 ft .  to 35 ft. see boring log for 
MW-159 - 

From 0 f t .  to  20 ft., see boring log for  
MW-159 

COMMENTS 

DEPTH OF CASING, DRILLING RA1 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Background: HNu = 0 
Rad Background is high due to 
proximity of U-cylinders 

Did not sample from 0' to  20', so' 
descriptions shown are taken 
from a similar boring at MW-159. 

HNu = 0 Sampled from 20' t o  25' 
due to  low recovery in similar 
boring at  MW-159. 



PROJECT NUMBER 
OR0 30888.FI 

' I  SOIL BORING LOG I 

BORIS NUMBER 
MW-158 SHEET 2 OF 4 

PROJECT PGDP Phase I1 Site Investigation LOCATION WMU-91, Cylinder Drop Test Area 

D ~ I N G  CONTRACTOR Brotcke Engineering 

DRILLING E T H ~  AM EQUIPMENT CME 55, 12" CFA, 7 3/4" OD auger, 5'x 3"ID sampler 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

WATERLEVELS START 11/30/90 FINISH 12/07/90 - 
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(N) 
6' -6' -6' 

SOIL DESCRIPTION I 

Lean Clay with Sand (CL); rounded chert 
gravel @ 37.5'. light grey to moderate red, 
moist, stiff, some gravel in top 2.5'. - 

Sandy Lean Clay (CL); moderate red to 
orange, moist, firm, sand is fine grained. 

1 

Poorly Sorted Sand with Clay (SP); 
moderate red to  orange, moist, very loose, 
sand is fine grained. 

1 Well Sorted Sand (SW); moderate 
reddishbrown, wet, very loose, sand i s  fine 
grained. 

Well Sorted Sand (SW); reddish brown to  
grey, wet, very loose, fine grained sand. 

-LOGGER G. Schaefer 

COMMENTS 

soil descriptions shown are taken 
from a similar boring at MW-159. 

HNu = 0 
Rad = background 

1 

1 

HNu = 0 
Rad = background 

HNu = 0 

HNu = 0 
Sampler wet out of hole. 

HNu = 0 
Sampler wet out of hole. 



mwcT NUMBER 
O R 0  30888.FI 

- I '  

BORING NUMBER 
MW-158 SHEET 3 OF 4 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 
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SOIL DESCRIPTION 

TOP 1': Same as above 

Well Graded Gravel with Sand (GW); light 
brown to orange, wet, very loose, sands 
are fine, gravel is rounded. 

TOP 1': Sand Well Graded (SW): moderate 
red to  orange, wet. 

0.5': Well Graded Gravel (GW); chert, well 
rounded, moderate red to light brown, very 
loose. 

Well Sorted Sand with Gravel (SW): gravel 
approx. 35%, chert, rounded, coarse 
grained to  fine sands, light brown to light 
orange, wet very loose. 

Well Sorted Gravel with Sand (GW); large 
chert pieces, well rounded, light brown to 
orange, wet, loose, coarse grained sand. 

Well Sorted Sand with Gravel (SW); light 
brown to  orange, wet, loose, well rounded 
gravel, sand was coarse to  fine grained. 

Well Sorted Sand with Gravel (SW); same 
as above; bottom 7 in. is a well graded 
gravel with sand (GW). 

COMMENTS 

DEPTH OF CASING, DRILLING RA1 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu = 0 
Sampler wet out of hole. 

HNu = 0 
Sample wet out of hole; augers 
were temporarily locked during 
drilling. 

HNu = 0 
Sampler wet out of hole. 

HNu = 0 
3 in. dia. chert cobble stuck in 
bottom o f  samDler. 

HNu = 0 
Sampler wet out of hole. 

HNu = 0 
Sampler wet out of hole. 



I PROJECT NUMBER I BORING NUMBER I 
SHEET 4 OF 4 

O R 0  30888.FI I MW-158 

I SOIL BORING LOG I 
PROJECT PGDP Phase 11 Site Investigation LOCATION WMU-91, Cylinder Drop Test Area 

ELEVATION *"  N / A  D R ~ I N G  CONTRACTOR Brotcke Engineering 

DRILLING )(EWOO AW E~UIMENT CME 55, 12" CFA, 7 3/4" OD auger, 5'x 3"ID sampler 
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TEST 
RESULTS 

-START 11/30/90 FINISH 12/07/90 
SOIL DESCRIPTION I 

I i n 3  
Well Sorted Sand with Gravel (SW); same 
as above; bottom 0.5' is a well graded 
gravel with sand (GW); gravels are well 
rounded, sand is coarse to  fine, slight 
amount of clay present. 

Well Graded Sand with Gravel (SW); bottom 
3 in. is Well Graded Gravel with Sand (GW). 
light brown to  light orange, wet, well 
rounded gravel, fine to  coarse grained 
sand, very loose. 

Well Graded Sand with Gravel (SW); bottom 
10 in. is a Poorly Graded Gravel (GP); light 
brown to  light orange, wet, well rounded 
gravel, smaller diameter than above, 
coarse grained sand. 

TOP 3.9': Well Graded Sand with Gravel 
(SW); same as above except sands are 

fine grained. Bottom 1.1': Well Sorted Sand 
(SW); highly stratified, color varies with 

layers - white, light brown, to orange, wet, 
loose, very fine grained. 

Total Depth = 110.0 feet 



I PROJECT NUMBER I BORING NUMBER 1 

gFSAMPLE 
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OR0 30888.FI I MW-159 SHEET 1 OF 2 

SOIL BORING LOG 
~~ 

PROJECT PGOP Phase I1 Site Investigation LOCATION WMU-91, Cylinder Drop Test Area 

ELEVATION 2 "  N / A  D R ~ N G  CONTRACTOR Brotcke Engineering 

DRILLING E T H ~  AM E Q ~ ~ E N T  CME 55, 12" CFA, 7 3/4" OD auger, 5'x 3"IO sampler 
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SOIL DESCRIPTION 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

Clay with Gravel (CL), gray to  yellow 
brown, some sands, clay and sands are 
moist, st i f f  

Clay (CL), gray t o  yellowish brown, moist, 
stiff 

Clay (CL), light brown to gray at  lower 1.5', 
stiff 

Clay with Sands (CL), light gray, moist. 
firm from 15'-18', soft from 18'-20', 15-25% 
sand from 18'-20', hit sand at 20', sand 
was an iron oxide color (moderate red) 

Sandy Clay with Gravel (CL), moderate 
red, wet, firm, 5-15% gravel, fine grained 
sand 

Clayey Sand (SC/SW). moderate red with 
gray streaks, moist, very stiff. iron oxide 
layer at 27', fine grained sand 

G. Schaefer 

COMMENTS 

DEPTH OF CASING, DRILLING RA 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Start  drilling at  14:50 
HNu = 0 
Rad = background too high t o  
get  an accurate reading 

HNu = 0 

HNu = 1 
Breathing Zone = 0 

HNu = 220 on sample at  18' 
Breathing Zone = 0 
HNu = 500 on samDle at 19.5' 

HNu = 200 
Water coming out of hole at  25' 
Low recovery due t o  gravels 
stuck in end of sampler 
See soil description of MW-158 
for additional information 

HNu = 700 on sample 
Sample is wet a t  hole 



I PROJECT NUMBER I BORIW NUMBER I 
SHEET 2 OF 2 

O R 0  30888.FI I MW-159 

SOIL BORING LOG I I 
PROJECT PGDP Phase I1 Site Investigation LOCATION WMU-91, Cylinder Drop Test Area 

ELEVATION 2" TOC N/A 

D ~ ~ I N O  

D M 6  CONTRACTOR Brotcke Engineering 

AM E~UIP)IIWT CME 55, 12" CFA, 7 3/4" OD auger, 5'x 3'70 sampler 

SOIL DESCRIPTION I SAMPLE 

2. 
W > 
0 
0 
W 

a 

a - 

5.0 

STANDARD 
'ENETRATIOf 

TEST 
RESULTS SOIL NAME, USCS GROUP SYMBOL, COLOR, 

MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

Sandy Clay (CL), moderate reddish brown 
with gray streaks, moist, very stiff, fine 
grained sand 

End of boring Log 

-LOGGER G. Schaefer 

COMMENTS 

DEPTH OF CASING, DRILLING RAT 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu = 40 pprn 



PROJECT NUMBER 
OR0 30888 F I  

WATERLEVELS 

BORING NUMBER 
MW-161 SHEET 1 OF 3 

-START 11/29/90 FINISH 11/30/90 

SOIL DESCRIPTION I 
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COMMENTS 
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See borehole log for MW-162 
- 
- 
- 

FAT C L A Y  (CH); few to  little gravel, 
moderately reddish brown, moist. - 

- 
- 
- 

3.1 

- 

STANDARD 
'ENETRATIOI 

TEST 
RESULTS SOIL NAME, USCS GROUP SYMBOL, COLOR, 

MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

TOD 1': LEAN C L A Y  WITH SAND (CL); 
moderate reddish brown, moist, some 
gravel. Bottom 1.4': Lean Clay (CL); 
brown, moist, low plasticity, 0.25'sand 
seam w /  gravel. 

LEAN C L A Y  (CL); brown, moist, low 
plasticty, some mottling. 

LEAN CLAY (CL); same as above except 
for black mottling that ap  ears to  be 
organic. End 0.6': Sand &P); reddish 
brown, wet. 

Top 0.3': LEAN C L A Y  WITH SAND (CL); 
reddish brown, wet. Middle 1.8': Lean Clay 
(CL); gray, wet. Bottom 1.75': Lean Clay 
(CL); gray, wet, with gravel grading to 

sand. 

DEPTH OF CASING, DRILLING RA 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Background: HNu=O, Rad=38cpm 

HNu = 0, Rad = background 

HNU = 0, Rad = background 

HNu = 0, Rad = background 

HNu = 0, Rad = background 

Cobble in tip o f  sampler. 

HNu = 0, Rad = background 



I PROJECT WIBER I BORING N U M E R  1 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

O R 0  30888.FI I MW-161 SHEET 2 OF 3 

E 
m 

go, 

d 
0 

ICY 

I SOIL BORING LOG 

PROJECT PGDP Phase I1 Site Investigation LOCATION WMU-I, North o f  Oil Landfarm 

ELEVATION *"  N/A  
0 ~ 1 ~ 6  ~~~ AM EQUIP)IIENT CME 55, 12" CFA, 7 3/4" OD auger, 5'x 3"ID sampler 

D m I N G  C O N ~ R A C T ~  Brotcke Engineering 

START 11/29/90 11/30/90 IATER LEVELS 
SOIL DESCRIPTION 

- 1 '  

t 
W > 
0 
0 
W 

a 

a - 

5.0 

3.7 

STANDARD 
ENETRATIOb 

TEST 
RESULTS 

-. - 
LEAN C L A Y  (CL); moderate reddish brown 
with gray mottling, moist. 

Top 2.6': LEAN C L A Y  (CL); few sand, 
moderately reddish brown, moist. Bottom 
1.1': LEAN C L A Y  (CL); yellowish brown, 
moist. 

Top 1.4': LEAN CLAY WITH SAND (CL); 

9 SC); moderately reddish brown with gray 
clay mottling, moist. 

ray, moist. Bottom 2.4': CLAYEY SAND 

CLAYEY SAND (SC). moderately reddish 
brown with slight mottling. 

CLAYEY SAND (SC), same as above 
except gray mottling has changed to  a 
continuous vertical member 0.5 in x 1 in 
in cross section, wet. 

Top 0.6': CLAYEY SAND WITH GRAVEL 
(SC); moderately reddish brown wet. 

Bottom 3.6': Sand (SP); moderately 
reddish brown. moist. 

Top 2.2': CLAYEY SAND (SC); moderately 
reddish brown with gray mottlin 
Bottom 0.4': Sand with Gravel PSW); 
reddish brown, wet. 

wet. 

- L O ~ E R  D. Geshwender 

COMMENTS 

DEPTH OF CASING, DRILLING RA 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu = 1.0 pprn, Rad = backgrour 

HNu = 1.0 ppm, Rad = backgrour 

HNu = 0. Rad = background 

HNu = 0, Rad = background 

HNu = 5 ppm, Rad = backgrounc 

HNu = IO ppm, Rad = backgroun 

HNu = 5 ppm, Rad = backgrounc 
Cobble in the auger 
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PROJECT NUMBER 
O R 0  30888.FI 

BORING NUMBER 
MW-161 SHEET 3 OF 3 

> 
W > 
0 
0 
W n 

a 

- 

0.8 

- 

0 

STANDARD 
ENETRATIOh 

TEST 
RESULTS 

SOIL DESCRIPTION 

0 
-J 
- SOIL NAME, USCS GROUP SYMBOL, COLOR, 

OR CONSISTENCY, SOIL STRUCTURE, 
MOISTURE CONTENT, RELATIVE DENSITY 0 

MINERALOGY >O 

m 
IO 

SAND (SP); medium grained, moderately 
reddish brown, wet. Bottom 0.3': Gravel 
with Sand (GW); sand is coarse grained, 
moderately reddish brown, wet. 

- 
- 

- 
No recovery. 

- 
- 
- 

No recovery. 1 piece of  chert (approx. 
1/Q dia.) in the end of the sampler. - 

>otal Depth = 70.0 feet 
7 

- 
- 
- 

- 
- 
- 

- 
- 

- 
- 

- 
- 
- 

- 
- 
- 
- 
- 



I PROJECT NUMBER I BORING NUMBER I 
O R 0  30888.FI I MW-161A SHEET 1 OF 3 

- I  SOIL BORING LOG 
8J I 

> 
w > 
0 
0 
w 

a 

a - 

COMMENTS 

DEPTH OF CASING, DRILLING RAT 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Background: HNu=O, Rad=GOcpm 

MW-161 was grouted and replace( 
by MW-16IA. MW-I6IA was drilled 
15' deeper due to  difficulty in 
installing the well in loose sands. 
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PROJECT NUMBER 
O R 0  30888.FI 

>- 
w > 
0 
0 w 

a 

a - 

BORIffi NUMBER 
MW-161A SHEET 2 OF 3 

STANDARD 

TEST 
RESULTS 

:NETRATION 

SOIL BORING LOG 

PROJECT PGDP Phase I1 Site Investig 

ELEVATION 2 "  TOC 373.55 f t .  MSL 

DRILLING WJHW AH) E Q ~ W ~ T  CME 55, 12" CFA. 7 3/4" OD auger, 5'x 3"ID sampler 

LOCATION WMU-I, North of Oil Landfarm 

DRnuNG CONTRACTOR Brotcke Engineering 

LOWER C. Schaefer FINISH 02/01/91 02/01/91 

SOIL DESCRIPTION 
- START 

I 



PROJECT NUMBER BORIW NUMRER 
O R 0  30888 F1 MW-161A SHEET 3 OF 3 

SOIL BORING LOG 
A 

START 02/01/91 FINISH 02/01/91 LOWER C. Schaefer IATER LEVELS 

> 
w > 
0 
0 
w 

a 

a - 

0.0 

0.0 

1.7 

SOIL DESCRIPTION I 
SOIL NAME, USCS GROUP SYMBOL. COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

No recovery. 1 piece of chert (approx. 1 
in. dia.) in the end of the sampler. 

No recovery. 

Well Graded Gravel with Sand (GW); 
moderate red to orange, wet, loose, well 
rounded gravels, medium to coarse grained 
sands. 

Total Depth = 85.0 feet 

COMMENTS 

DEPTH OF CASING, DRILLING RA 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

sampler wet; some rod chatter. 

sampler wet; slight rod chatter; 
sands may be too fine t o  stay 
inside sampler. 

HNu = 0, Rad = 40 cpm sampler 
wet; some rod chatter. 



PROJECT NUMBER 
O R 0  30888.FI 

SAMPLE 

BORING NUMBER 

MW-163 SHEET 1 OF 4 
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SOIL DESCRIPTION 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY. SOIL STRUCTURE. 
MINERALOGY 

Top 1': Clayey Gravel (GC); gray, moist. 
Bottom 0.5': Silt (ML); gray, some organics 
and some large gravel, moist. 

Top 2.2': Silt (ML); ray, moist. Bottqm 
2.8': Lean Clay (CL? moderate yellowish 
brown with gray mottling, some organics, 
moist. 

Lean Clay (CL); Same as above. 

No Recovery. 

Lean Clay (CL); yellowish brown with gray 
mottling, moist. 

Top 0.5': Lean Clay (CL); Same as above. 
Next 0.6': Poorly Graded Sand (SP); 
reddish brown, moist, medium grained. 
Bottom 3.9': Lean Clay (CL); gray moist. 

COMMENTS 

DEPTH OF CASING, DRILLING R A  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Background: 
HNu=O ppm 
RAD=33 cpm 

HNu=O RAD=background 

HNu=O RAD=background 

HNu=O RAD=background 

Sample catcher in backwards 

HNu=O RAD=background 



PROJECT NUMBER 
OR0 30888.FI 

4 '  

BORING NUMBER 
MW-163 

SHEET 2 OF 4 
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SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 
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STANDARD 
'ENETRATIOI 

TEST 
RESULTS 

~~ 

SOIL DESCRIPTION r 

Lean Clay (CL); with trace gravel, reddish 
brown, moist, gravel is rounded, gray 
mottling. Bottom 1.6'; Lean Clay (CL); with 
gravel, moderately reddish brown, moist, 
gray mottling. 

Well Graded Gravel with Sand (GW); reddish 
brown, moist. Next 0.9': Poorly Graded 
Sand (SP); reddish brown, moist, fine 
grained. Bottom 2.5': Lean Clay (CL); 
yellowish brown with reddish brown 
mottling, moist. 

Poorly Graded Sand (SP); gray, moist, fine 
grained with trace coarse grains; 1.4' from 
top of sample there is a 0.3' seam of 
coarse grains. 

Top 2': Poorly Graded Sand (SP); with 
trace gravel, gray, moist, fine grained. 
Bottom 0.4': Lean Clay (CL); with some 
sand, moderate reddish brown, gray 
mottling, moist. 

Top 1.2': Lean Clay (CL); with trace sand, 
reddish brown, gray mottlinp, moist. 
Bottom 3.8': Lean Clay (CL , reddish 
brown, gray mottling, moist, very stiff. 

Lean Clay (CL); gray with reddish brown 
mottling, very stiff, moist. 

COMMENTS 1 
DEPTH OF CASING, DRILLING R A T  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu=O RAD=background 

HNu=O RAD=background 

HNu=O RAD=background 

HNu=O RAD=background 

HNu=O RAD=background 

HNu=O RAD=background 

2.5' Slough. 

1 



1 PROJECT NUMBER I BORING NUMBER 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

O R 0  30888.FI I MW-163 SHEET 3 OF 4 

z 
m 
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z: 

I S O I L  BORING LOG I 
~ 

PROJECT PGDP Phase 11 Site Investigation 

ELEVATION 2" TOC 386.14 f t .  MSL DRILLING CONTRACTOR Engineering 

DRILLING METHOD AND EQUIPMENT CME 75, 12" CFA, 7 3/4" OD auger, 5 ' ~  3"ID sampler 

LOCATION East Plant Area, near Bldg. C-746-G 

START 12/11/90 FINISH 12/14/90 WATERLEVELS 
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SOIL DESCRIPTION 

I CnI; 

Top 0.2': Poorly Graded Sand (SP): gray, 
moist, medium grain size. Middle 1.75': 
Poorly Graded Sand (SP); reddish brown, 
fine grained, moist. Bottom 1.55': Poorly 
Graded Sand (SP); gray with reddish 
brown mottling, moist, coarse grained. 

Poorly Graded Sand (SP): moderately 
yellowish brown, wet, coarse grained. 

Top 2.25': Clayey Sand (SC); gray, moist, 
medium grained. Bottom 1.0': Poorly 
Graded Sand (SP); gray, wet, coarse 
grained. 

Poorly Graded Sand (SP); same as above 
except medium grained. 

Poorly Graded Sand (SP); same as above 
except coarse grained. 

Poorly Graded Sand (SP); same as above 
except with some gravels. 

COMMENTS 

DEPTH OF CASING, DRILLING R A  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu=O RAD=background 

HNu=O RAD=background 

HNu=O RAD=background 

HNu=O RAD=background 

HNu=O RAD=background 

HNu=O RAD=background 



PROJECT NUMBER 
O R 0  30888.FI 

I Ll 

BORING NUMBER 
MW-163 

SHEET 4 OF 4 

LOCATION East Plant Area, near Bldg. C-746-G PROJECT PGDP Phase I1 Site Investigation 

ELEVATION 2" TOC 386.14 f t .  MSL DRILLING CONTRACTOR Brotcke Engineering 

- 

- 

Top 1.4'; Poorly Graded Sand (SP): same 
as above. Bottom 0.6': Well Graded Gravel 
(GW); with sand, yellowish brown, moist, 

sand is  coarse grained. 

- 
- 

- 

- 

- 
Total Depth = 100.0 feet 

- 

- 
- 
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- 

- 

SAMPLE __ 
> 
(r 
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W cc 

5.0 

2.0 

STANDARD 
'ENE TR AT IO1 

TEST 
RESULTS 

SOIL DESCRIPTION I 
SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

Poorly Graded Sand (SP); same as above 
except no gravel. - 

COMMENTS I 

DEPTH OF CASING, DRILLING R A T  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu=O RAD=background 

Driller indicates hitting gravel. 



r PROJECT NUMBER I BORING NUMBER I 

- L O ~ U (  G. Schaefer 

COMMENTS 

DEPTH OF CASING, DRILLING RATE 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Started drillina @ 0800 

- 

- 
- 
- 

- 

- 

- 

- 

- 

SHEET 1 OF 3 
OR0 30888.FI I MW-165 I 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

SOIL BORING LOG 
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SOIL DESCRIPTION I 

UJ A 

Lean Clay (CL); light brown to  light gray, 
moist, very stiff, small % (approx.5%) of - 
very fine sands. 

Lean Clay (CL); same as above. 

Lean Clay (CL); same as above. 

Lean Clay (CL); same as above. 

Lean Clay (CL); same as above, except 
for color change from light gray t o  gray to  
blueish gray 

Top 1.3'; Lean Clay (CL); same as above. 
1.8': Sandy Clay (CL); light brown to  
orange, moist, stiff, medium grained sand. 
Bottom: Lean Clay (CL); blueish gray, 
moist, very stiff, approx. 5% medium 
grained sand content. 

Background: - 
HNu=O ppm, RAO=45 cpm 

HNu=O. RAD=45 cpm. 

HNu=O, RAD=background 
Also took sample #13001 

HNu=O, RAD=background 

HNu=O, RAD=background 

HNu=O. RAD=background 

HNu=O, RAD=background 



SHEET 2 OF 3 
O R 0  30888.FI I MW-165 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

SOIL BORING LOG 

PROJECT PGDP Phase I1 Site Investigation I OMTION North Plant Area, corner of Wyoming 6 15th St 

ELEVATION 2" TOC 379 74 f t  MSL 

D ~ W G  E T H ~  AM E Q ~ ~ E N T  CME 55, 12" CFA, 7 3/4" 00 auger, 5'x 3"IO sampler 

WATER LEVELS START 12/19/90 F]mSH 01/02/91 ~0~~ G. Schaefer 

DRILLING CONTRACTOR Brotcke Engineering 
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SOIL DESCRIPTION 1 

Lean Clay (CL); light brown with gray 
streaks, moist, very stiff, approx. 3-5% 
medium grained sand content. 

Top 2.1': Lean Clay (CL); same as above. 
1.5': Clayey well sorted Sand (SW); orange 
to moderate red, moist, stiff, medium 
grained sand. Bottom 1.2': Sandy Lean 
Clay (CL); moderate red, moist, stiff, 
medium grained sand. 

Sandy Lean Clay (CL); light brown to 
moderate red, moist, stiff, fine grained 
sands. 

Well sorted Sand with Clay (SW); moderate 
red to brown, moist, stiff, medium coarse 
to fine grained sand. 

Well sorted Sand with Clay (SW); same as 
above 

No recovery, lost sample. 

COMMENTS 

DEPTH OF CASING, DRILLING RA1 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu=O, Rad=background 

HNu=O, RAD=background 

HNu=O, RAD=background 

HNu=O, RAD=background 

HNu=O. RAD=background 

HNu=O, RAD=background 
No recovery, sampler jamme 
augers. 



I PROJECT NUMBER I BORING NUMRER I 

d 

Total Depth = 70.0 feet 

SHEET 3 OF 3 O R 0  30888.FI I MW-165 

SOIL BORING LOG 

PROJECT PGOP Phase I1  Site Investigation 

ELEVATION 2" TOC 379 74 f t  MSL 

D ~ I N G  M T H ~  AM EQUIPWENT CME 55, 12" CFA, 7 3/4" 00 auger, 5'x 3"IO sampler 

LOCATION North Plant Area, corner of Wyoming 6 15th St  

D~LLJNG CONTRACTOR Brotcke Engineering 

WATERLEVELS START 12/19/90 FINISH 01/02/91 

SAMPLE 

VI 3 

0 3 
c 
c 
0 
0 

.- 
c 

m 

1 

t 
W > 
0 
0 
W 

a 

a - 

2.3 

1.6 

: SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 0 OR CONSISTENCY, SOIL STRUCTURE, m 
MINERALOGY I(3 

&9 

-I 

Well sorted Gravel with Sand (GW); light 
orange t o  light brown, wet, loose, sands 
are medium to  fine grained, black streaking 
in some chert pieces. 

Well sorted Gravel with Sand (GW): same 
as above except for black conglomerate 
(with chert) approx. 3 in. dia. at end of 

samDler. 

-LOGGER G. Schaefer 

COMMENTS 

DEPTH OF CASING, DRILLING RA 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu=O, RAD=background 
Sampler wet out of hole. 
Rig Chatter. 
Black soil in bottom o f  sampler 
approx. 1/2 in. 

HNu=O, RAD=background 
Samoler wet out of hole. 
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SHEET 1 OF 3 
MW-168 
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STANDARD 
'ENE TR A T 101 

TEST 
RESULTS 

SOIL DESCRIPTION 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

Top 1.2': Lean Clay (CL); reddish brown, 
moist, mottling. Bottom 0.9': Lean Clay 
(CL); gray, moist, stiff. 

Lean Clay (CL); gray, moderate reddish 
brown mottling, moist. 

Lean Clay (CL); yellowish brown, reddish 
brown mottling, moist. 

Top 1.2': Lean Clay (CL); yellowish brown, 
mottling, moist. Bottom 0.8': Poorly Graded 
Gravel (GP); with sand, brown, moist. 

Well Graded Sand (SW); with gravel, 
reddish brown, wet, sand is coarse 
grained. 

Top 0.6': Well Graded Sand (SW); with 
gravel, same as above. Bottom 4.4': Lean 
Clay (CL); yellowish brown, gray mottling, 
moist. 

DEPTH OF CASING, DRILLING RAT 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Background: 
HNu=O ppm, RAD=25 cpm 
PP = pocket penetrometer 

HNu=O, RAD=background 

HNu=3 ppm. RAD=background 

HNu=O, RAD=background 

HNu=O, RAD=background 

HNu=O, RAD=background 
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MW-168 SHEET 2 OF 3 
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SOIL DESCRIPTION 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY. SOIL STRUCTURE. 
MINERALOGY 

Top 3.9': Lean Clay (CL); same as above. 
Bottom 1.1': Clayey Sand (SC) ;  with gravel, 
moderately yellowish brown, moist. 

Top 1': Clayey Sand with Gravel (SC); same 
as above except mottling. Bottom 4': 
Lean Clay (CL); moderately reddish brown, 
moist. 

Lean Clay with Sand (CL): reddish brown, 
wet. 

Lean Clay (CL); reddish brown, moist 

Clayey Sand (SC); reddish brown, moist. 

Lean Clay with Sand (CL); moderate gray 
with mottling, moist. 

COMMENTS 

DEPTH OF CASING, DRILLING R A T  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu=O, RAD=background 

HNu=couldn't get a reading 
RAD= background 
PP = 2.5 Kg/cm2 

HNu=no reading 
RAD= background 
PP = 1.5 KgIcm2 

HNu=couldn't get a reading 
RAD= bac kground 
PP = 1.8 KgIcm2 

HNu=O, RAD=background 
PP = 0.75 Kg/cm2 
1.3' of slough 

HNu=O, RAD=background 
PP = 0.75 to  1.5 Kg/cm2 



I PROJECT NUMBER I BORING NUMBER 
O R 0  30888.FI 

SHEET 3 OF 3 
MW-168 

SOIL  B O R I N G  LOG 
L 

PROJECT PGDP Phase I 1  Site Investigation 

ELEVATION 2"  TOC 377.42 f t .  MSL 

DRILLING METHOD AND EQUIPMENT 75 CME, 12" CFA. 7 3/4" OD auger, 5'x 3'70 sampler 

WATER LEVELS 

LOCATION Diesel Spill Area, near Virgina and 10th St. 

DRILLING CONTRACTOR !LOtcke Eng'neering 

START 12/20/90 FINISH 01/14/91 LOGGER 0 Geshwender 

SAMPLE - 
2- a: 
W > 
0 u 
W 
Kc 

1.1 

2.0 

- 

STANDARD 
'ENETRATIOI 

TEST 
RESULTS 

SOIL DESCRIPTION 

SOIL NAME, USCS GROUP SYMBOL. COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY. SOIL STRUCTURE. 
MINERALOGY 

Poorly Graded Sand (SP); with t race 
gravel, moderate reddish brown, wet 

Well Graded Gravel (GW) 

Well Graded Gravel (GW); yellowish 
brown-reddish brown, wet. 

Total Depth = 70.0 feet 

COMMENTS 

DEPTH OF CASING, DRILLING R A 1  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu=O, RAD=background 

Cobble in sampler. 

Driller thinks he was drilling in 
gravel. 

HNu=O, RAD=background 
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BORING NUMBER 
MW-169 SHEET 1 OF 3 
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SOIL DESCRIPTION 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY. SOIL STRUCTURE. 

=Em 
> O  
C n J  

MINERALOGY 

Lean Clay (CL); medium grey (N5) mottling; 
moist; low plasticity. 

Lean Clay (CL); same as above. 

Lean Clay with Sand (CL); light olive brown 
(10YR5/6) moist, fine sand. 

Sandy Lean Cla (CL); moderate reddish 
brown (5YR4/4Ymoist w /  medium gravel. 

Gravel, medium 

Sandy Lean Clay (CL); light brown 
(5YR6/4) moist, fine sand. 

Well Graded Sand (SW) 

Clayey Sand (SC) 

I COMMENTS 

DEPTH OF CASING, DRILLING RAT 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

PP = pocket penetrometer 

HNu=O ppm, Rad=60 cpm. 

HNu=O ppm, Rad=50 cpm. 

HNu=O ppm, Rad=60 cpm. 

HNu=O, Rad=45 cpm. 

HNu=O, Rad=55 cpm. 
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I il 

BORING NUMBER 
MW-169 

SHEET 2 OF 3 

JATER LEVELS START 01/02/91 FINISH 01/08/91 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 
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RESULTS 

SOIL DESCRIPTION I 

Well Graded Sand (SW); moderate reddish 
brown (10R4/6). 

Lean Clay (CL); dark yellowish brown 
(10YR6/6). 

Lean Clay (CL); same as above, moist. 

Lean Clay (CL); same as above, except 
with mottling. 

Lean Clay (CL); same as above except 
trace organics in the bottom 0.5'. 

Well Graded Sand (SW); light brown 
(5YR5/6), wet, fine sand; turns light gray 
(N7) at 52'. 

brown (10YR4/6), mottled light gray (N7). 

1 
-?-7-?-?-?-?-7-7-?-7-?-7-?-?-7-7-?- 
Well Graded Sand (SW); light brown 
(5YR5/6), wet; fine sand. 

-LOGGER B. Souza / J. Anderson 

COMMENTS 

DEPTH OF CASING, DRILLING RA1 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu=O ppm, Rad=45 cpm. 

Stopped drilling for day: 1/2/91 

HNu=O=bkg, RAD=bkg=50 cpm. 

HNu=O, RAD=background 

HNu=O. RAD=background 

Stopped drilling 1/7/91 

Started drilling 0855 1/8/9 
HNu=bkg=O ppm; RAD=bkg=50 
cpm. 
Logger; Jim Anderson 

HNu=O, RAD=background 
Extremely wet (soupy); t o o  s-" 
for Pocket Pen. reading. 
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FINISH 01/08/91 WATERLEVELS 

BORING NUMBER 
MW-169 SHFFT 3 O F  3 
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Well Graded Gravel with Sand (GW); 
moderate yellow-brown (10YR5/4), wet; 
subrounded gravel, medium sand. - 

- 

- 

Well Graded Gravel with Sand (GW); same 
as above. 

- 

- 

- 
- 
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Total Depth = 70.0 feet 

Bottom of Hole 9155 1/8/91 
- 

2.0 

- 

1.6 

STANDARD 
'ENETRATION 

TEST 
RESULTS 

-LOGGER B. Souza / J. Anderson 

COMMENTS 

DEPTH OF CASING, DRILLING R A 7  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Driller reports approx. 10 gal 
water in hole. 
HNu=O. RAD=background 
PP = 0 kg/cm2 
Driller estimated gravel at about 
61'. 

HNu=O, RAD=background 
PP = 0 kg/cm2 



PROJECT NUMBER 
OR0 30888.FI 

S O I L  B O R I N G  LOG 

PROJECT PGDP Phase I1 Site Investigation LOCATION 001-Ditch, 100' E. O f  c-745-c Yard 

BORING NUMBER 
MW-171 CUEIIT i nrr t 

lATER LEVELS START 01/04/91 FINISH 01/04/91 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

SAMPLE 
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SOIL DESCRIPTION I 

I U J J  

Lean Clay (CL); light grey with streaks of 
light orange, rnoisf, firm. 

Lean Clay (CL); same as above. 

Lean Clay (CL); same as above except for 
light brown mottling. 

Top 2.2': Lean Clay (CL); same as above 
Bottom 1.5': Well Graded Sand with Clay 
(SW); light brown to light orange, wet, 

firm. 

Well Graded Gravel with Sand (GW); light 
brown, wet, loose, sands are medium to 
coarse grained. 

Total Depth = 25.0 feet 

-LOGGER G. Schaefer 

COMMENTS 

DEPTH OF CASING, DRILLING R A T  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

* = too high background 
Began drilling @ 1315 
HNu=O Rad=* 

HNu=O Rad=* 

HNu=O Rad=* 

HNu=O Rad=* 
water @ bottom 
out of hole. 

HNu=O Rad=* 
water out of hole. 
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WATERLEVELS 

BORING NUMBER 

MW-172 SHEET 1 OF 1 

SAMPLE 

xa 
I-U a c c  
W 3  
offl - 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 
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TEST 
RESULTS 

01/08/91 FINISH 01/08/91 LOGGER G. Schaefer -START 

SOIL DESCRIPTION 

I L n J  

Lean Clay (CL); light grey with brown 
streaks, moist, stiff. 

Lean Clay (CL); same as above except 
very stiff. 

Lean Clay (CL); same as above except for 
st i f f .  

Lean Clay with Sand (CL); light brown to 
moderate red, moist, st i f f .  Bottom 1.7': Well 
Graded Sand with Clay (SW); light orange 
to  light grey, moist. 

Well Graded Gravel with Sand (GW); light 
brown to  moderate red, wet, very loose, 
sands are coarse grained. 

Top 2': Well Graded Sand with Clay (SW); 
light orange, moist, stiff. Bottom: Lean 
Clay (CL); light grey, moist, hard. 

I 

Total Depth = 30.0 feet  

COMMENTS 

DEPTH OF CASING, DRILLING R A  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Background: 
HNu=O, Rad=45 cpm 
PP = pocket pentrometer 

HNu=O Rad=55 cpm 
PP = 2Kg/cm2 
Took two samples: 
13005 and 13021 

HNu=O Rad=56 cpm 
PP = 3.5Kg/cm2 

HNu=O Rad=59 cpm 
PP = 2.OKg/cm2 

HNu=O Rad=41 cpm 
PP = 1.75Kg/cm2 

HNu=O Rad=45 cpm 

HNu=O Rad=55 cpm 
PP = 4.25KgIcrn2 
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SHEET 1 OF 2 
MW-173 

SAMPLE 

I4 
t l L  an 
W 3  
OCn 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 
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TEST 
RESULTS 

SOIL DESCRIPTION 

0.4': Fill Material. 

steaks, moist, st i f f .  
y e a n  Clay (CL); light gray with brown 

Lean Clay (CL); same as above except for 
very stiff. 

Top 0.8': Lean Clay (CL); same ,as above 
Bottom 4.2': Silt (ML); light blueish gray, 
moist. hard 

Top 0.7': Silt [ML); same as above except 
wet 
Middle 0.8': Well Graded Sand (SW); light 
gray to  light brown, wet, loose, medium to 
fine grained sand 
Bottom 3.0': Lean Clay (CL); light gray, 
moist, very stiff 

Top 0.7': Lean Clay with Sand (CL); light 
gray to brown, moist, very stiff, medium 
grained sand 
Bottom 4.1': Well Graded Sand with Gravel 
(SW); light brown, wet, loose, fine to 

medium grained sands 

Top 2.7': Well Graded Sand with Gravel 
[SW); same as above 

Bottom 1.9': Lean Clay [CL), light gray with 
moderate red streaking, moist, firm 

COMMENTS 

DEPTH OF CASING, DRILLING R A '  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Background: 
HNu=O ppm, Rad=25 cpm 
PP = pocket penetrometer 

HNu= 0, Rad= 25cpm 
PP = 1.75 Kg/cm2 

HNu= 0, Rad= 30cpm 
PP = 2.25 Kg/cm2 

HNu= 0, Rad= 25cpm 
PP = 4.25 Kg/cm2 

HNu= 0, Rad= 25cpm 
PP = 3.5 Kg/crn2 
Sample wet out of hole. 

HNu= 0, Rad= 45cpm 
PP = 2.0 Kg/cm2 (clay) 

HNu= 0. Rad= 25cpm 
PP = 1.0 Kg/cm2 (clay) 
Sampler wet out of hole. 
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SAMPLE 

BORING NUMBER 

SHEET 2 OF 2 MW-173 
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SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 
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SOIL DESCRIPTION 

Lean Clay with Sand (CL); light grey to  
light brown, moist, very stiff, medium to  
fine grained sand (approx. 10%). 

Well Sorted Sand with Clay (SW-SC); 
moderate reddish orange, moist, firm, fine 
to  medium grained sand. 

Well Sorted Sand with Clay (SW-SC): same 
as above except for gray streaking 

Well Sorted Sand with Clay (SW-SC); same 
as above except for very stiff. 

Top 1.2': Well Sorted Sand with Clay 
(SW-SC); same as above 

Bottom 2.5': Well Sorted Sand with Gravel 
(SW); light brown to  moderate red, moist. 

loose, medium grained sand, well rounded 
gravel (0.2' dia. max.). 

Well Graded Gravel (GW); moderate red, 
wet, loose, well rounded gravel. 

Total DeDth = 60.0 feet 

COMMENTS 

DEPTH OF CASING, DRILLING R A  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu= 0, Rad= 25cpm 
PP = 3.5 Kg/cm2 

HNu= 0, Rad= 25cpm 
Sample wet out of hole. 

HNu= 0. Rad= 35cpm 
PP = 1 kg/cm2 
Sample wet out of hole. 

HNu= 0, Rad= 30cpm 
PP = 2.25 Kg/cm2 
Sampler wet out of hole. 

HNu= 0, Rad= 30cpm 
Sampler wet out of hole. 

HNu= 0, Rad= 25cpm 
Sampler wet out of hole. 
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lo 1; 

BORING NUMBER 

MW-175 SHEET 1 OF 3 

- 

20 I 1  
)i 

- 

Ln 
- c u  

0 

- 0  cu 

c 

- 

25 I/ 
I \  

- 
0 

- m  
0 

- L n  
cu 

c 

- 

DEPTH OF CASING, DRILLING R A T E  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Inital attempt a t  drilling hit an 
obstruction. Offset 15 f t .  south 
and tried again. - 
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STANDARD 
'ENETRATIOh 

TEST 
RESULTS 

SOIL DESCRIPTION I 
SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

ORGANIC SOIL (OL) 

WELL GRADED SAND WITH CLAY AND 
GRAVEL (SW-SC), moderate red-brown 
(10R 4/61, moist 

LEAN CLAY (CL), medium light gray (NG). 
moist, plastic 

LEAN CLAY (CL), moderate yellow-brown 
(10YR 5/41, moist; t race organics; mottling 

medium light gray (NG) 

Lean Clay (CL), same as above 

WELL GRADED SAND WITH GRAVEL (SW), 
light brown ( Y R  5/61, moist; fine sand, 
medium subrounded gravel; t race amount 
of clay 

POORLY GRADED SAND WITH CLAY AND 
GRAVEL (SP-SC), moderate red-brown 
(10R 4/6), moist; fine sand, medium 

subrounded gravel 

COMMENTS I 

1 HNu= 0 ppm 
Rad= 45 cpm 
Pocket penetrometer (PPI= 1.25 
kg/sq. cm. 

HNu= 0.5 ppm 
Rad= 55 cpm 
PP = 2.20 kg/sq. cm. 

HNu= 0 ppm 
Rad= 50 cpm 
PP = 2.15 kglsq.  cm. 

HNu= 0 ppm 
Rad= 4 0  cpm 
PP = 3.75 kg/sq. cm. 

HNu= 0 ppm 
Rad= 40  cpm 
PP = 1.70 kglsq.  cm. 

HNu= 0 ppm 
Rad= 50 cpm 
PP = 2.50 kg/sq. cm. 

i 



I BORING NUMBER I PROJECT NUMBER 1 
O R 0  30888.FI MW-175 SHEET 2 OF 3 

S O I L  BORING LOG 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

I I 

LOCATION WMU-47, West side of C-400 Bldg. 

ELEVATION 2" TOC 381.18 f t .  MSL 

DRILLING METHOD AND EQUIPMENT CME 75, 12" CFA, 7 314" OD auger, 5 ' ~  3"ID sampler 

WATERLEVELS 

DRILLING CONTRACTOR Brotcke Eng'neerlng 

START 01/09/91 FINISH 01/14/91 LOGGER J. Anderson 
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STANDARD 
ENETRATIOF 

TEST 
RESULTS 

SOIL DESCRIPTION 

LEAN CLAY WITH SAND (CL), 
yellowish-gray (5Y 7/2), moist; fine sand 

POORLY GRADED SAND WITH CLAY AND 
GRAVEL (SP-SC), moderate red-brown 
(10R 4/61, moist; medium subrounded 

gravel 

SILT WITH SAND (ML), yellow-gray (5Y 
7/21, moist; fine sand 

SANDY LEAN CLAY WITH GRAVEL (CL), 
moderate yellow-brown ( IOYR 5/91 
mottled with medium gray (N5), moist; fine 
sand, fine to  medium gravel; lensed with 
1-3 in. poorly graded sand layers 

LEAN CLAY (CL), light brown 5YR 5/61, 
moist; low plasticity; 1 f t .  seam of 
cemented fine gravel a t  bottom; ravel 
appears moderate brown (5YR 3741, with 
mica 

POORLY GRADED SAND (SP), light brown 
(5YR 5/6), moist; fine sand 

Poorly Graded Sand (SP), same as above 
except wet and slightly coarser 

COMMENTS 

DEPTH OF CASING, DRILLING R A  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu= 0 ppm 
Rad= 4 0  cpm 
PP = 2.70 kglsq. cm. 

HNu= 0 ppm 
Rad= 55 cpm 
PP = 0.75 kg/sq. cm. 

Stopped 1/9/91 1535 
Restarted 1/14/91 1300 

HNu= 0 ppm 
Rad= 30 cpm 
PP = 2.5 kglsq.  cm. 

HNu= 0 ppm 
Rad= 4 0  cpm 
PP = 2.75-4.50 kglsq.  cm. 

HNu= 0 ppm 
Rad= 55 cpm 
PP = 1.0-1.5 kglsq.  cm 

Driller reports water at approx. 
54 f t .  

HNu= 0 ppm 
Rad= 40 cpm 
P.P= N/A 
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SOIL DESCRIPTION 

2 SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, m 
MINERALOGY 

-1 
0 

ZCJ 
to I UJ A 

Poorly Graded Sand (SP), same as above 

Poorly Graded Sand (SP). same as above 

Poorly Graded Sand (SP), same as above 

WELL GRADED GRAVEL WITH SAND (GW), 
moderate yellow-brown ( IOYR 5/41, wet; 
medium sand; fine to  coarse gravel 

Total Depth = 80.0 feet 
Bottom of Hole reached 1/14/91 1445 i 

COMMENTS 

DEPTH OF CASING, DRILLING R A '  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu= 0 ppm 
Rad= 4 0  cpm 
P.P.= N/A 

HNu= 0 ppm 
Rad= 4 0  cpm 
P.P.= N/A 

HNU= 0 ppm 
Rad= 40 cpm 
P.P.= N/A 



I PROJECT NUMBER I BORING NUMBER 
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I S O I L  BORING LOG I 
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STANDARD 
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TEST 
RESULTS 

SOIL DESCRIPTION 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

No Recovery 

No Recovery 

Lean Clay (CL), yellowish brown with 
mottling, moist 

Top 4.0': Lean Clay (CL). same as above 
Bottom 0.8': Clayey Sand (SC), yellowish 
brown, moist, medium grained sand 

Top 3.4': Lean Clay (CL), medium gray with 
mottling, moist 
Bottom 1.2': Well Graded Sand (SW), 
brownish red, moist 

Poorly Graded Sand (SP), with t race 
gravel, reddish brown, moist 

COMMENTS I 

DEPTH OF CASING, DRILLING R A T  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Back round: 
H N u = ~  ppm, Rad=18 cpm 
PP = pocket penetrometer 
Fill in sampler 

Fill in sampler 

HNu=O ppm, Rad=background 
PP = 2.25 to 3.0 KgIcm2 
0.5' of fill 

HNu=O ppm, Rad=background 
PP = 2.0 KgIcm2 

HNu=O ppm, Rad=background 
PP = 2.0 KgIcm2 for clay 

HNu=O ppm, Rad=background 
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SHEET 2 OF 3 
MW-178 

S O I L  B O R I N G  LOG 
I 

PROJECT 
ELEVATION 2" TOC 378.80 ft .  MSL 

JRILLING METHOD AND EQUIPMENT CME 75, 12" CFA, 7 3/4" OD auger, 5'x 3"ID sampler 

JATER LEVELS START 01/17/91 FINISH 01/21/91 LOGGER 0. Geshwender 

PGDP Phase I1 Site Investigation LOCATION WMU-40, C-400 NE Corner 

DRILLING CONTRACTOR jrotcke Engineering 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

I 

2 
-I 
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STANDARD 
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TEST 
RESULTS 

SOIL DESCRIPTION I 

I i n 3  
Lean Clay (CL), with sand, medium gray, 
moist, fine grained sand 

Lean Clay (CL), with sand, same as above 
except with trace gravel 

Lean Clay (CL). medium gray, reddish 
brown, moist 

Lean Clay (CL), reddish brown with black 
staining, moist 

No Recovery 

Well Graded S? d (SW), reddish brown, 
wet, medium grained sand 

COMMENTS 

DEPTH OF CASING, DRILLING R A l  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu=O ppm. Rad=background 
PP > 4.5 Kg/cm2 

HNu=O ppm, Rad=background 
PP = 4.2 Kg/cm2 

HNu=O ppm, Rad=backgrounc 
PP = 1.2 to 2.0 Kg/cm2 

HNu=O ppm, Rad=background 
PP = 2.0 Kg/cm2 (top) 
PP = 4.5 Kg/cm2 (bottom) 

HNu=O ppm, Rad=background 
Slough 

HNu=O ppm, Rad=background 
Cobble in sampler 
Driller reports hitting a hard 
object a t  58' 
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I SOIL DESCRIPTION 

E 
m 
1 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 

OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

MOISTURE CONTENT, RELATIVE DENSITY 0 

za 
>O 
f f l d  

~ 

Well Graded Gravel (GW), yellowish brown, 
wet 

Poorly Graded Gravel (GP), with sand, 
yellowish brown, wet 

i 

COMMENTS 

DEPTH OF CASING, DRILLING R A  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu=O ppm, Rad=background 
Cobble in samDler 

HNu=O ppm, Rad=background 
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BORING NUMBER 

SHEET 1 OF 2 - 

STANDARD 
'ENETRATIOP 

TEST 
RESULTS 

SOIL DESCRIPTION I 
0 

0 

IC3 

c1 
SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 

d 

m 

MINERALOGY &!3 

DEPTH OF CASING, DRILLING RAT 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

1 
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BORING NUMBER 
MW-179 SHEET 2 OF 2 

FINISH 2/4/91 LOGGER 0 Geshwender lATER LEVELS START 211191 - 
y I SAMPLI - 

1.0 

1.5 

1.5 

STANDARD 
'ENETRATIOE 

TEST 
RESULTS 

SOIL DESCRIPTION I 
I 
2 SOIL NAME, USCS GROUP SYMBOL, COLOR, 

MOISTURE CONTENT, RELATIVE DENSITY 0 OR CONSISTENCY, SOIL STRUCTURE, m 
MINERALOGY 

-1 

* O  m-l 

CLAYEY SAND WITH GRAVEL, (SP), 
yellowish-brown, wet sand-medium grained 

POORLY GRADED SAND, (SP), 
yellowish-brown, wet, medium-coarse 
grained 

WELL GRADED SAND, (SW), 
yellowish-brown, wet, with gravels, sand- 
medium to  coarse grained 

WELL GRADED SAND, (SW), Same as above 

COMMENTS I 

DEPTH OF CASING, DRILLING RATE 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

- 

P.P.= Pocket Pentrometer HNu= 0- 
ppm= Background Rad= 27 cpm= 
Background 

P.P.= NIA Gravels in sample 
catcher 

HNu= Background Rad= 
Background P.P.= NIA 

- 

HNu= Background Rad= 
Background P.P.=N/A 

- 

HNu= Background Rad= 
Background P.P.= NIA 

- 



MATER LEVELS 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 
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TEST 
RESULTS 

. START 1/31/91 . FINISH 
J 

SOIL DESCRIPTION I 

LEAN CLAY, (CL), yellowish brown, 
mottling, moist, hard 

Top 7' LEAN CLAY, (CL), with sand, brown, 
wet, sof t  Bottom 4.1' LEAN CLAY, (CL), 
Bottom portion with sand and gravel, hard, 
moist 

Top 2.4'- LEAN CLAY, (CL),  with sand and 
gravel, same as above Bottom 1.0'-POORLY 
GRADED SAND, (SP), yellowish brown, 
moist-wet, sand-medium grained 

Top 1.4'- LEAN CLAY, (CL). moderate 
reddish brown, moist, hard Bottom 3.6'- 
LEAN C L A Y ,  (CL), with sand, gray, moist 

LEAN CLAY, (CL), with sand, moderate 
reddish brown, bottom 2.0' contains more 
moisture than tOD 2.5 

Top 1.5'- LEAN CLAY, (CL), with sand, 
reddish brown, moist-wet, soft-firm Bottom 
3.5'- LEAN CLAY, (CL), Same as above 
except moist and very stiff 

1 

COMMENTS I 
DEPTH OF CASING, DRILLING RAT 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Oppm=BKG RAD= 33 cpm=BKG 
P.P. =4.25->4.50 

5' Slough 

HNu= BKG RAD= BKG P.P.= 
0.25-Top 4.0->4.5 

HNu= BKG RAD= BKG P.P.= 
3.75-4.0 (c lay) 

HNu= BKG RAD= BKG P.P.= 
3.25-4.25 

HNu= BKG RAD= BKG 
P.P.=3.25-Top 1.50-Bottom 

HNu= BKG RAD= BKG P.P.= 
0.5-1.5 TOP 3.0-4.25 Botto, 

This borehole was for 
strat igraphy only. I t  was 
grouted from 30' t o  ground 
surface. 
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PROJECT PGOP Phase I1 Site Investigation 

ELEVATION DRILLING CONTRACTOR Brotcke Engineering 

DRILLING METHOD AND EQUIPMENT CME 75, 12" CFA, 7 3/4" OD auger, 5'x 3"IO sampler 

LOCATION North Landfill, South side 

LOGGER L. Kieffe WATERLEVELS START 02/06/91 FINISH 02/11/91 

BORING NUMBER 

MW-181 SHEET 1 OF 2 
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TEST 
RESULTS 

SOIL DESCRIPTION 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

Lean Clay with Gravel (CL), moderate 
yellowish brown, moist 

Lean Clay with Gravel (CL). medium gray, 
moist 

Sandy Lean Clay (CL), light gray, moist 

Sandy Lean Clay (CL), moderate yellowish 
brown, moist 

Top 3.0': Sandy Lean Clay (CL), moderate 
yellowish brown, moist 
Bottom 2.0': Poorly Graded Sand with 
Gravel (SP), light brown, moist 

Top 0.5'; Sandy Lean Clay (CL), light 
brown, moist 
Bottom 4.5': Lean Clay (CL), light brown, 
moist 

COMMENTS 

DEPTH OF CASING, DRILLING R A  
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Background: OVA=O PPm, Rad=3 

PP = pocket penetrometer 
cpm 

OVA=O, Rad=background 
PP = 1.3 Kg/cm2 

OVA=O, Rad=70 cpm 
PP = 1.25 Kg/cm2 

OVA=O, Rad=background 
PP = 2.5 Kg/cm2 

OVA=O, Rad=background 
PP = 2.4 Kg/cm2 

OVA=O. Rad=background 
PP = 3.5 KgIcm2 

OVA=O, Rad=background 
PP = 1.6 t o  2.3 Kg/cm2 
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S O I L  B O R I N G  LOG 
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PROJECT PGDP Phase I 1  Site Investigation LOCATION North Landfill, South side 

ELEVATION DRILLING CONTRACTOR Brotcke Engineering 
DRILLING METHOD AND EQUIPMENT CME 75, 12" CFA, 7 3/4" OD auger, 5'x 3"ID sampler 

WATER LEVELS START 02/06/91 FINISH 02/11/91 LOGGER L. Kieffe 

BORING NUMBER 

MW-181 SHEET 2 OF 2 
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TEST 
RESULTS 

SOIL DESCRIPTION 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY >cI 

Lean Clay (CL), moderate yellowish brown, 
moist, hard 

I inti 

Top 3.0': Lean Clay (CL). same as above 
Bottom 2.0': Sandy Lean Clay (CL). medium 
gray, moist, hard 

Poorly Graded Sand (SP), moderate 
reddish brown, moist, fine grained sand 

Poorly Graded Sand (SP), same as above 
except sand is medium grained and wet 

No Recovery, sample fell out 

Well Graded Sandy Gravel (GW), moderate 
yellowish brown, wet, medium to  coarse 
grained sand 

COMMENTS 

DEPTH OF CASING, DRILLING RAT 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu=O, RAD=28 cpm 
PP > 4.5 Kg/cm2 

HNu=O, RAD=back round 

PP = 4.25 Kg/cm2 (bottom) 
PP > 4.5 Kg/cm2 ?top) 

HNu=O, RAD=background 
PP = N/A 

HNu=O, RAD=background 
PP = N/A 
Gravels in samDle catcher 

No sample catcher used. 

HNu=O, RAD=background 
PP = N/A 
Gravels in sample catcher 
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BMUNG NUMBER 
MW-183 SHEET 1 OF 3 

SOIL BORING LOG 

~ O J F C T  PGDP Phase I1 Site Investig 

ELEVATION DRILLING CONmACTW Erotcke Engineering 

DRILLING ~ T H O D  AND EQUIPMENT CME 55, 12" CFA, 7 3/4" OD auger, 5'x 3'70 sampler 

LOCATION WMU-8. Sanitary Landfill 

-START 11/24/90 

SOIL DESCRIPTION I 
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RESULTS SOIL NAME, USCS GROUP SYMBOL, COLOR, 

IOISTURE CONTENT, RELATIVE DENSITY 0 
3 

I R  CONSISTENCY, SOIL STRUCTURE, m 
IINERALOGY 

0.4': Fill Material 

1 .0 ' :  Lean Clay (CL); dark brown, moist, 
very stiff, some plant r o o t s  and gravel. 

Fill Material; pieces of  wood, black, moist 

Top 0.5': Well Graded Gravel with Sand 
(GW); light brown, wet, loose, coarse sand, 

some wood chips. 
Bottom 2.4': Lean Clay (CL); dark brown, 
moist, stiff. 

Lean Clay (CL); same as above 

Lean Clay (CL); same as above. 

Lean Clay (CL); same as above except foi 
dark yellowish orange striations, very 
stiff. 

~ 

COMMENTS 

DEPTH OF CASING, DRILLING RA' 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Background: 
HNu=O Rad=21 cpm 
PP = pocket penetrometer 

HNu=O. Rad=29cpm, 
pp=3.25Kg/cm2 for CL 

HNu=O, Rad=35cpm, pp=N/A; low 
recovery due to wood chips 
stuck in end. 

HNu=O, Rad=3lcpm, 
pp=2.0Kg/cm2 for CL. 
Bottom of sampler wet out of 
hole. 

HNu=O. Rad=34cpm, 
pp=2,0Kg/cm2 for CL. 
Sampler wet out o f  hole 
Took two samples: 
13062 and 13063 

HNu=O. Rad=29cpm, 
pp=2.0Kg/cm2. 

HNu=O, Rad=27cpm, 
pp=3.5Kg/cm2. 
Sampler wet out of hole. 
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L ~ m ~  G. Schaeferer START 11/24/90 FINISH 01/29/91 ATER LEVELS 

BORING NUURER 
MW-183 SHEET 2 OF 3 

4 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 
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TEST 
RESULTS 

SOIL DESCRIPTION 

Lean Clay (CL); light gray with light 
orange layering, moist, brittle, very stiff, 
fairly blocky. 

Lean Clay (CL); same as above. 

Lean Clay (CL); grayish black, moist, hard, 
fissured. 

Lean Clay (CL); same as above except 
highly fissured and brittle, micaceous 

Lean Clay (CL); same as above except 
dry. 

Lean Clay (CL); same as above 

COMMENTS 

DEPTH OF CASING, DRILLING RAT 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu=O, Rad=32cpm, 
pp=3.75Kg/ cm2. 
SamDler wet out of hole. 

HNu=O, Rad=30cpm. 
pp=3,75Kg/cm2. 
Sampler wet out of hole 

HNu=O, Rad=38cpm, 
pp=4.5Kg/ cm2. 
Sampler wet out of hole. 

HNu=O, Rad=38cpm, 
pp=4.5Kg/ cm2. 
Sampler wet out of hole. 

HNu=O, Rad=45cpm, 
pp=4.5K g/ cm2. 

HNu=O, Rad=4lcprn, 
pp=4.5Kg/ cm2. 



PROJECT NUMBER 
O R 0  30888.FI 

PROJECT PGDP Phase I1 Site Investigation LOCATION WMU-8, Sanitary Landfill 

ELEVATION 
D~UING KMW AM E Q W ~ ~ T  CME 55, 12" CFA, 7 314" OD auger, 5'x 3"ID sampler 

DRILLING CONTRACTOR 6 B  

BORIM NUMBER 

MW-183 SHEET 3 OF 3 
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STANDARD 
'ENETRATIOP 

TEST 
RESULTS 

- START 11/24/90 FINISH 01/29/91 

SOIL DESCRIPTION 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY ID 

65 
Lean Clay (CL); grayish black, dry, hard, 
highly fissured. micaceous. - 

- 
- 
- 

Lean Clay (CL); same as above. - 
- 
- 
- 
- 

Total Depth = 70.0 feet 

- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
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- 
>- 
W > 
0 
0 
w 

a 

a - 
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BORING NUMBER 
- SHEET 1 OF 3 

4.3 

SOIL BORING LOG 
- 

4.7 

COMMENTS 

DEPTH OF CASING, DRILLING RATE 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 
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- 

5.0 

SOIL DESCRIPTION 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

Top 0.4': Gravel fill material 
SILT (ML). light gray, moist, firm 

Top 2.1': SILT (ML), Same as above 
Bottom 2.2': LEAN C L A Y  (CL). light brown 
with gray streaking, moist, very stiff 

LEAN C L A Y  (CL), Same as above 

Top 4.2': LEAN CLAY (CL), Same as above 
Bottom 0.5': WELL GRADED SAND (SW). 
light, gray, orange mottling, wet, loose, 
medium grained sand 

Top 2.8': WELL GRADED SAND (SW), Same 
as above 
Bottom 2': LEAN C L A Y  WITH GRAVEL (CL), 
moderate red to gray, moist, very stiff, 
rounded gravel 

Top 1.0': WELL SORTED GRAVEL WITH 
C L A Y  (GW). moderate red, moist, stiff, well 
rounded gravel 
Bottom 4.0': LEAN C L A Y  WITH SAND (CL). 
moderate red to gray, moist, hard 

1 

Background: 
HNu=O Rad=29 cpm 
PP = pocket penetrometer 

HNu= 0 ppm Rad= 38 cpm 
PP = 1.75 kgfsq. cm. 
Rod chatter 

HNu= 0 ppm Rad= 30 cpm 
PP = 2.25 kgfsq. cm. 

HNu= 0 pprn Rad= 40 cpm 
PP = 2.25 kgfsq. cm. 

HNu= 0 ppm Rad= 30 cpm 
PP = 2.25 kgfsq. cm. for CL 

HNu= 0 ppm Rad= 33 cpm 
PP = 3.1 kg/sq. cm. 

HNu= 0 pprn Rad= 43 cpm 
PP = 4.50 kgfsq. cm. 



PROJECT NUMBER 
O R 0  30888 FI 

START 01/17/91 FINISH 01/23/91 LOGGER G. Schaefer IATER LEVELS 
COMMENTS 1 

BORING NUMEER 
MW-185 SHEET 2 OF 3 
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DEPTH OF CASING, DRILLING RATE 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu= 0 ppm Rad= 30 cpm 
PP = 4.5 kgfsq. cm. 

- 
HNu= 0 ppm Rad= 29 cpm 
PP = 4.25 kgfsq. cm. 

HNu= 0 ppm Rad= 41 cpm 
PP = 3.0 kgfsq. cm. 

- 

HNu= 0 ppm Rad= 38 cpm 
PP = 3.5 kgfsq. cm. for CL 
PP = 0.5 kgfsq. cm. for SW-SC - 

- 

HNu= 0 ppm Rad= 37 cprn 
PP = 2.5 kgfsq. cm. for CL 

- 

- 
HNu= 0 ppm Rad= 34 cpm 
PP = 0.75 kgfsq. cm. for CL - 

* 
W > 
0 
0 
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3.0 

5.0 

4.8 
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STANDARD 
ENETRATIOI 

TEST 
RESULTS 

SOIL DESCRIPTION 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

LEAN CLAY WITH SAND (CL), moderate 
red to grey, moist, hard, medium to fine 
grained sand 

LEAN CLAY WITH SAND, [CL) Same as 
above 

Top 1.9': LEAN CLAY WITH SAND (CL), 
Same as above, except very stiff 

Bottom 1.1': WELL GRADED SAND [SW), lighi 
brown, moist. loose, fine to  medium grained 
sand 

Top 3.5': LEAN CLAY (CL). dark brown, 
moist, very st i f f  
Bottom 1.5': WELL SORTED SAND WITH 
CLAY (SW-SC), light gray with black 
streaking, moist. soft 

Top 1.7': WELL SORTED SAND WITH CLAY 
[SW-SC). Same as above 

Middle 0.4': WELL GRADED SAND (SW), 
black t o  dark gray, moist, loose 

Bottom 2.7'. LEAN CLAY WITH SAND [CL), 
dark brown with gray streaks, moist, very 
stiff, fine grained sands 

Top 1.9'. LEAN CLAY WITH SAND (CL), 
Same as above, except firm 
Bottom 1.9'. WELL SORTED SAND (SW), 
light brown to moderate red, wet, very 
loose 



I PROJECT NUMBER 1 BORING NUMRER I 
O R 0  30888.FI SHEET 3 OF 3 MW-185 

J SOIL BORING LOG 

PROJECT PGDP Phase 11 Site Investigation 

ELEVATION 2"  TOC 373 64 f t  MSL 

DRIUING ~ T H W  AM EQUIP)IIENT CME 55, 12" CFA, 7 3/4" 00 auger, 5'x 3"ID sampler 

LOCATION WMU-7 Burial Ground 

DRILLING M ) N ~ A C T ~  Brotcke Engineering 

START 01/17/91 FINISH 01/23/91 LOWER G. Schaefer JATER LEVELS 

> 
W > 
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0 
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a 

a - 
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1.4 

2.0 

STANDARD 
'ENETRATIOI 

TEST 
RESULTS 

SOIL DESCRIPTION I 
SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

brown, wet, very loose 
Bottom 1.0'; WELL GRADED SAND WITH 
GRAVEL (GW), liqht brown to moderate 

Top 4.0': WELL GRADED SAND (SW), light 
- 

red, wet, loose, well rounded gravel, 
medium grained sands 

WELL GRADED GRAVEL WITH SAND (GW), 
Same as above, except larger chert 
pieces (approx. 2 in. diameter maximum) 

WELL GRADED GRAVEL WITH SAND (GW) 
Same as above 

COMMENTS 

DEPTH OF CASING, DRILLING RA 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu= 0 ppm Rad= 38 cpm 
PP = N/A 
Sampler wet out of hole 

HNu= 0 ppm Rad= 36 cpm 
P.P.= N/A 
Sampler wet out of hole 

HNU= 0 ppm Rad= 38 cpm 
PP = N/A 
Sampler wet out of hole 



PROJECT NUMBER 
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WATER LEVELS 

BORING NUMBER 
MW-187 SHEET 1 OF 2 

-LOGGER J. Anderson 

COMMENTS 

DEPTH OF CASING, DRILLING RATE 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 
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STANDARD 
'ENETRATIOI 

TEST 
RESULTS 

01/17/91 FINISH 01/17/91 - START 
SOIL DESCRIPTION I 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

GRAVEL DRILL PAD 
- 

LEAN C L A Y  WITH GRAVEL (CL), dark 
yellow-brown (IOYR 4/21, moist; 0.4' thick 
POORLY GRADED GRAVEL WITH SAND (GP) 
seam at approximately 2'. Clay grades t o  
medium gray (N5) at approximately 2.5'. 

LEAN CLAY (CL), moderate yellow brown 
mottled with li ht olive gray ( I O Y R  514 
mottled 5YGII8, moist 

LEAN C L A Y  (CL), same as above 

LEAN C L A Y  (CL), same as above, but with 
increased silt content, and wet. 
Seam of LEAN CLAY (CL), dark 
yellow-brown mottled with pale yellow- 
brown ( IOYR 6/21, wet 

WELL GRADED SAND WITH GRAVEL (SW), 
pale yellow-brown ( I O Y R  6/21, wet; trace 
clay 

POORLY GRADED SAND (SP), light brown, 
wet, trace amount of clay 

LEAN C L A Y  (CL), moderate yellow-brown 
mottled with li ht olive gray ( I O Y R  5/41 
mottled SY 618 from 28-29', moist 

Background: 
HNu= 0 ppm 
Rad= 40 cpm 
PP = pocket penetrometer 

HNu= 0 ppm Rad= 130 cPm 

HNu= 0 ppm Rad= 70 cpm 
PP = 0.7 to 2.3 kg/sq. cm. 

HNu= 0 ppm Rad= 60 cpm 
PP = 1.7 to 4.1 kg/sq. cm. 

Driller reports water at 14 ft .  

HNu= 10 ppm Rad= 40cPm 
PP = 2.5 to >4.5 kglsq. Cm. 

HNu= 0 ppm Rad= 50 cpm 
PP = 0.4 to 3.2 kglsq. cm. 

H N u = 9  ppm Rad= 65 cpm 
PP = 3.9 to  >4.5 kglsq. cm. 
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SOIL BORING LOG 
- 

SAMPLE 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 
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STANDARD 
'ENETRATlOh 

TEST 
RESULTS 

LEAN CLAY (CL), same as above, except 
0.4'seam SILT (ML), moderate brown from 
33.5-34 

- 
- 

- 

- 
POORLY GRADED SAND (SP), pale 
yellow-brown (10 YR 6/2). wet 

Y E A N  CLAY (CL). light brown gray (5 YR 
6/11, moist; 0.3' POORLY GRADED SAND 
(SP) seam from 38-38.5' 

- 
- 
- 
- 
- 

SOIL DESCRIPTION I 

Total Depth = 40.0 feet 
Bottom o f  Hole reached 1/17/91 1355 

COMMENTS 

DEPTH OF CASING, DRILLING R1 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu= 7 ppm Rad= 45 cpm 
PP = 4.3 to  >4.5 kg/sq. cm. 

HNu= 5 ppm Rad= 50 cpm 
PP = 2.7 to  >4.5 kg/sq. cm. 



I PROJECT NUMBER I BORING NUMBER I 

~0~~ FINISH 
COMMENTS 

DEPTH OF CASING, DRILLING RATE 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

- 

SHEET 1 OF 3 O R 0  30888.FI I MW-188 
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SOIL DESCRIPTION I 

: SOIL NAME, USCS GROUP SYMBOL, COLOR, 

OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 
MOISTURE CONTENT, RELATIVE DENSITY 0 m 

ICY 
to 

I U I J  

WELL GRADED GRAVEL (FILL) 

LEAN C L A Y  (CL), dark yellowish orange 
1OYR 6/6, moist 

LEAN CLAY (CL), light olive gray 5 Y  6/1, 
moist 

SANDY LEAN C L A Y  (CL), moderate 
yellowish brown l O Y R  5/4, fine sand 

SANDY LEAN C L A Y  (CL), same as above 

SANDY LEAN C L A Y  (CL), light brown 5 YR 
5/6, moist. fine sand, medium gravel 

SANDY LEAN C L A Y  (CL). same as above 

PP = pocket penetrometer 
HNu= 0 ppm Rad= 50 cpm 
PP = 2.0 t o  2.5 kg/sq. cm. 

HNu= 0 ppm Rad= 65 cpm 
PP = 0 to  2 kg/sq. cm. 
Took two samples: 
13047 and 13048 

HNU= 0 ppm Rad= 80 cpm 
PP = 1 t o  2.7 kg/sq. cm. 

HNu= 0 ppm Rad= 45 cpm 
PP = 1 to 1.9 kg/sq. cm. 

HNu= 0 ppm Rad= 50 cprn 
PP = 1.7 to 3.0 kg/sq. cm. 

HNu= 0 ppm Rad= 60 cpm 
PP = 2.0 t o  2.5 kg/sq. cm. 



PROJECT NUMBER BORING NUMRER 
O R 0  30888.FI MW-188 SHEET 2 OF 3 

! 1 

SOIL BORING LOG 

SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

PROJFCT PGDP Phase I1 Site Investigation LOCATION WMU-I, SW of Oil Landform 

ELEVATION 2" TOC 374 24 f t .  MSL 

DRILLING ~ E ~ H W  AM) EQUI~ENT CME 75, 12" CFA, 7 3/4" OD auger, 5'x 3"IO sampler 

D R ~ J N G  CONTRACTOR Brotcke Engineering 
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SOIL DESCRIPTION 

LEAN CLAY (CL). light brown 5YR 5/6, 
moist, fine sand 

SANDY LEAN CLAY (CL), dark yellowish 
orange IO YR 6/6 

5.0 

- 

1.5 

LEAN CLAY (CL), dark yellowish brown IO 
YR 6/6 mottling with bluish grey 58 7/1 

LEAN CLAY WITH SAND LENSE (CL), light 
brown 5 YR 5 /6  mottling 

SANDY CLAY (SC) ,  moderately reddish 
brown I O Y R  4/6 mottling with light gray 
sand 6N 6 

5.0 

SANDY CLAY (SC), light brown 5 YR 5/6,  
slightly moist, mottling from 50 to  53 feet 

4.5 

SANDY CLAY (CL),  with numerous sand 
lenses and fractures, light grey N7 

5.0 

 LO^^ B. Souza 

COMMENTS 

DEPTH OF CASING, DRILLING RAT 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu= 0 ppm Rad= 65 cpm 
PP = 1 to  2.5 kg/sq. cm. 

HNu= 0 ppm Rad= 50 cpm 
PP = 1 t o  2.5 kg/sq. cm. 

HNu= 0.5 ppm Rad= 60 cPm 

HNu= 1.0 ppm Rad= 65 cpm 
PP = 2.0 kgfsq. cm. 

HNu= 0 ppm Rad= 60 cpm 
PP = 1.0 kgfsq. cm. 

HNu= 0 ppm Rad= 70 cpm 
PP = 2.75 kg/sq. cm. 



I PROJECT NUMBER I BORING NUMBER I . 

SHEET 3 OF 3 O R 0  30888.FI I MW-188 

SOIL BORING LOG 

PROJECT PGDP Phase I1 Site Investigation 

ELEVATION 2" TOC 374.24 f t  MSL 

D = ~ G  STHOD AM) EQUI~ENT CME 75, 12" CFA. 7 3/4" OD auger, 5'x 3"IO sampler 

LOCATION WMU-1, SW of 011 Landform 

D R ~ J N G  M ) N ~ R A C T ~  Brotcke Engineering 

WATER LEVELS 
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SOIL DESCRIPTION 

5 SOIL NAME, USCS GROUP SYMBOL, COLOR, 

OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 
MOISTURE CONTENT, RELATIVE DENSITY 0 

m =a ?e 

SANDY CLAY (SC), light grey, N7 mottling 
very moist 

SILTY SAND (SM), dark yellowish orange 
10 YR 6/6 

SILTY GRAVEL (GM), subangular and 
subrounded, several 2 in. subangular 
stones, poorly sorted, saturated dark 
yellowish orange 10 YR 6/6 

SILTY GRAVEL (GM) Dark yellowish orange 
10 YR/6/6. Poorly sorted, saturated 

COMMENTS 

DEPTH OF CASING, DRILLING R1 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu= 0 ppm Rad= 70 cpm 
PP = 0.75 kgfsq. cm. 

HNu= 0 ppm Rad= 55 cpm 
PP = N/A 

HNu= 0 ppm 
PP = N/A 

Rad= 45 cpm 
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SOIL DESCRIPTION I 
SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

GRAVEL DRILL PAD 

LEAN CLAY (CL), moderate yellow brown 
(10YR 5/41 mottled with medium gray [N5), 

moist, grades t? a solid medium gray (N5), 
very soft, a t  4 

LEAN CLAY (CL), moderate yellow brown 
( IOYR 5/41 mottled light olive gray (5Y 

6/11, moist, stained throughout with brown 
black (5YR 2/1), apparently organic 
material 

LEAN CLAY (CL), same as above but with 
no staining 

LEAN CLAY (CL), same as above but with 
increased silt content and wet 

POORLY GRADED SAND WITH GRAVEL 
(SP), light brown (5YR 5/61, wet, with clay 

POORLY GRAOEOSAND WITH GRAVEL 
(SP), same as above 

Bottom of Hole Reached 1/8/91 at  1102 

1 

I 

cpm PP = pocket penetrometer 

HNu=0.5 ppm, Rad=65 cpm 
PP = 0 to  3.5 Kg/cm2 

HNu=3 ppm, Rad=45 cpm 
PP = 0.5 to  1.5 Kg/cmP 

COMMENTS 

DEPTH OF CASING, DRILLING RATE 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Backaround: HNu=O m m .  Rad=40 

- 

HNu=5 ppm, Rad=55 cpm 
PP = 1.0 to  2.2 Kg/cm2 
Driller reports water at 13' 

HNu=8 ppm. Rad=5O cpm 
PP = 1.4 to  4.4 Kg/cm2 

Driller reports sand at  19' 

HNu=9 ppm. Rad=35 cpm 
PP = N/A (granular) 

Driller notes clay at  24'  



4 

PROJECT NUMBER BORING NUMRER 
SHEET 1 OF 4 - 

WATER LEVELS LOGGER D. Geshwender 01/24/91 FINISH 01/29/91 - START 
COMMENTS 

DEPTH OF CASING, DRILLING RATE 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

Background: 
HNu= 0 ppm 
Rad= 33 cpm 
PP = pocket penetrometer 

- 
- 

- 

- 

- 

- 

AMPLE - 
> n 
W > 
0 
0 
W a - 

3.5 

5.0 

- 

4.3 

- 

3.6 

- 

5.0 

- 

5.0 

- 

STANDARD 
ENETRATIOh 

TEST 
RESULTS 

SOIL DESCRIPTION I 
SOIL NAME, USCS GROUP SYMBOL, COLOR, 
MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

LEAN CLAY (CL), yellowish brown, moist 

LEAN CLAY (CL), with sand, moderate 
gray, moist 

CLAYEY SAND (SC), moderate gray with 
some reddish brown mottling, moist 

CLAYEY SAND (SC), same as above 
except more mottling 

LEAN CLAY (CL), moderate gray with 
mottling, moist 

CLAYEY SAND (SC), reddish brown, wet, 
fine grained sand 

HNu= 0 ppm 
Rad= 33 cpm 
PP = 4.50 kg lsq .  cm. 

HNu= 0 ppm 
Rad= background 
PP = 3.25 kg/sq. cm. 

HNu= 0 ppm 
Rad= background 
PP = 3.50 kg/sq. cm. 

HNu= 0 ppm 
Rad= background 
PP = 2.25 kg/sq. cm. 

HNu= 0 ppm 
Rad= background 
PP = 4.25 kg/sq. cm. 

HNu= 0 ppm 
Rad= background 
PP = 2.25 kg/sq. cm. 



PROJECT NUMBER 
OR0 30888 FS 

START 01/24/91 FINISH 01/29/91 ATER LEVELS 
SOIL DESCRIPTION I 

BORING NUMRER 
H-219 SHEET 2 OF 4 

i '  

> 
W > 
0 
0 
W 

a 

a - 

5.0 

- 

5.0 

4.6 

- 

1.0 

1.0 

0.5 

- 

2 
SOIL NAME, USCS GROUP SYMBOL, COLOR, 

OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

MOISTURE CONTENT, RELATIVE DENSITY 0 m 
I(3 

LEAN C L A Y  (CL), reddish brown, moist 

LEAN C L A Y  (CL), with sand, moderate 
reddish brown, moist 

LEAN C L A Y  (CL), yellowish brown, wet, 
some gravel 

POORLY GRADED SAND (SP). yellowish 
brown, wet, with gravel 

POORLY GRADED SAND (SP), with gravel, 
same as above 

WELL GRADED SAND (SW), with gravel, 
same as above 

HNu= 0 ppm 
Rad= background 
PP = 2.75 kg/sq. cm 

HNu= 0 ppm 
Rad= background 
PP = 2.75 kg/sq. crn 

HNu= 0 ppm 
Rad= background 
PP = 0.0 kg/sq. cm. 

HNu= 0 ppm 
Rad= background 
PP = N/A 
rocks in sample catcher 

HNu= 0 ppm 
Rad= background 
PP = N/A 
gravels in sample catcher 

HNu= 0 ppm 
Rad= background 
P.P= N/A 
gravels in sample catcher 



PROJECT NUMBER 
O R 0  30888.FS 

I SOIL BORING LOG I 

BORIffi NUMBER 
H-219 SHEET 3 OF 4 

I I 

PROJECT PGDP Phase 11 Site Investig 
ELEVATION DWLLING CONTRACTMI Brotcke Engineering 

DRnLING ~~~ AM EQUI~ENT CME 75, 12" CFA, 7 3/4" OD auger, 5'x 3"ID sampler 

WATERLEVELS 

LOCATION North Landfill, N side, on pad with MW-1796180 

START 01/24/91 FINISH 01/29/91 - 
SOIL DESCRIPTION I 

;OIL NAME, USCS GROUP SYMBOL, COLOR, 
IOISTURE CONTENT, RELATIVE DENSITY 
I R  CONSISTENCY, SOIL STRUCTURE, 

: 
a 
-I 
0 

I W  

3 
$5 
2% 
-3 

7 Lo 

2 
0 3 

c 
c 
0 u 
Ln 

._ 
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i- Lo 

3 
0 3 
c 
c 
0 
u 
LD 

.- 
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c 
Lo 
2 
0 
3-  .c w 
Y o  02 u 
Ln +- Lo 

+ m 

2 
0 2 
c 
t 
0 
0 

Ln 

._ 
c 

3 
0 3 

c 
C 
0 
u 
Ln 

.- 
c 

i 
m 
2 
0 

.- 22 
-Eo 02 
u 
Ln 

1 

- 

15 
- 

- 

'0 
- 

- 

r5 
- 

- 

30 
- 

- 
85 

- 

t 
& 
W > 
0 
0 
W a - 

1.2 

- 

1.3 

- 

4.7 

- 

2.5 

- 

5.0 

- 

5.a 

R 

- 8  

- w  
0 
c 

(D 

.1 
9 
0 

- h  

0 
c 

- :  
(D 

.1 
2 

- b -  

0 
c 

- 9  
0 
r- 

t 
x 

- R  

- w  
0 
c 

h 

.1 
R 

- w  
0 
c 

- 9  
0 
W 

.1 
9 
0 - a  
0 
c 

- 2  
W - 
.1 

STANDARD 
:NETRATION 

TEST 
RESULTS 

~ 

POORLY GRADED SAND (SP). moderately 
yellowish brown, wet, some gravel 

POORLY GRADED SAND (SP), same as 
above 

LEAN C L A Y  (CL), moderate clay, moist 

LEAN CLAY (CL), same as above except 
iron stained layers 

LEAN C L A Y  (CL), same as above 

LEAN C L A Y  (CL). same as above except 
little t o  no staining 

HNu= 0 ppm 
Rad= background 
P.P.= N/A 
large gravel in catcher 

HNu= 0 ppm 
Rad= background 
P.P.= N/A 
large gravel in catcher 

HNU= 0 ppm 
Rad= background 
P.P.= 1.0 to 2.75 kg/cm sq. 
Took two samples: 
13081 and 13082 

HNu= 0 ppm 
Rad= background 
P.P.= 0.5 kg/cm sq. 
0.5' of slough 

HNu= 0 ppm 
Rad= background 
PP = 0.75 kg/cm sq. 

HNu= 0 
Rad= background 
PP = 1.0 kg/cm S q  



PROJECT NUMBER 
O R 0  30888FS 

>- 
W > 
0 
0 
W 

a 

a - 

3.3 

BORING NUMBER 
H-219 SHEET 4 OF 4 

STANDARD 
ENETRATION 

TEST 
RESULTS SOIL NAME, USCS GROUP SYMBOL, COLOR, 

MOISTURE CONTENT, RELATIVE DENSITY 
OR CONSISTENCY, SOIL STRUCTURE, 
MINERALOGY 

Top 1.8': LEAN CLAY (CL), with sand, 
moderate gray, wet, fine grained sand 
Bottom 1.5': LEAN C L A Y  (CL), laminated 
dark gray, moderate gray, and iron 
staining, moist 

Total Depth= 95ft. below ground surface 

-LOGGER 0. Geshwender 

COMMENTS 

DEPTH OF CASING, DRILLING RA1 
DRILLING FLUID LOSS 
TESTS AND INSTRUMENTATION 

HNu= 0 
Rad= background 
PP = 2.0 kg/cm sq. (bottom) 



Attachment 4-C 
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Well 
Construction 

Diagrams 
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E L L  CONSTRUCTION DETAILS 
EU ww-155 

ELEVATION: 2’ TOC 38l.25 11. c1sL 

PGOP Phase I1 Site Investigation 
S. Corner of C-400 B u i  



I 

0 

16 

50 

70 

- 
0 

-3 

63 - 

70 - 

WELL CONSTRUCTION ETAILS 
WEU ww-66 

ELEVATION: 2' TOC 382.06 f 1. WSL 

7- 

i' 

41 

I (See Logbook # 10 1 

PGOP Phase I1 Site Investigation 
SE Corner of C-400 Buing 



WELL CONSTRUCTI@4 OETAILS 
#U ww-I57 

ELEVATION: 2’ TOC 38156 11. USL 

(See Logbook # 19 1 T 
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PGDP Phase I1 Site Investigati 
Paducah, Kentucky 



(See Logbook # 15 1 
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WELL CONSTRUCTION DETAILS 
WELL Ww-158 

ELEVATION: 2' TOC WA 

PW Phase 11 Site Investigation 
MU-Ol, Cylinder Drop Test Area 



(See Logbook # 15 1 
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-35.5 

WEU CONSTRUCTION DETAILS 
WELL wn-159 

ELEVATION: 2' TOC N/A 

p609 Phase I1 Site Investigation 
MU-Ol, Cylhder Drop Test Area 
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WEU CONSTRUCTION OETAILS 
WELL mJ-160 

ELEVATION: 2' TOC N/A 

PW Phase I1 
Paducah, Kentucky 

(See Logbook # 15 1 f LJ 
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(See Logbook # 18 

WEU WTRUCTION DETAILS 

ELEVATION: 2' TOC N/A 

Wl, North of Oil Landfarn 

Note: This monitoring 

grouted f r o m  t o t a l  

surface on 1/29/91 

WEU Ww-m well was pressure 

PGOPPhaseIISiteInvestigatii depth t o  ground 
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(See Logbook # 34 1 r 
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WELL CONSTRUCTIOIJ OETAILS 
WEU ww-161 

UEVATIW 2' TOC 373.55 11. WSI 

~ 40.5 

P6OP Phase I1 Site Investigation 
WU-1, North Of Oil Landfarm 
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WELL CONSTRUCTION OETAILS 
WELL wl62 

ELEVATION: 2’ TOC 374.V 11. CISL 

(See Logbook # 18 ) T 

PGOP Phase 11 Site Investigation 
MU-\ North of Oil landfan 
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'RUCTION OETAILS 
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ELEVATION: 2' TOC 388.14 11. WSL 

PGOP Phase 11 Site Investigation 
East plant Area, near Bldg. C-746-6 

(See Logbook # 18 ) 

I 



a 
OE

PT
H 

(FE
ET

) 
8

 
a4 

8
 

i
 

8
 

0
)
 

0
 

t- 
Sa

nd
 P

ac
k 

-4
Be

nt
on

ite
 

S
e

+
k

 
Gr

ou
t S

ed
 

W
 

Y 
w

 
P

 
Q

) 

..
..

..
..

..
..

..
..

..
..

..
..

 
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

 
.

.
.

 
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

////
///A

 
\
 \
 \
 \
 \
 \
 \
 \
 \
 \
 \
 \
 \
 \
 \
 \
 \
 \
 \
 \
 \
 \

\\
\\

\\
\\

\\
\\

\\
I 

- 8 inch b
or

eh
ole

 
I 

J 
P

 
P

 
I w
 

-
-
I
 

h
) I-
 

- 
2 

inc
h 

St
ain

les
s 

Ca
sin

g 
1
 

b
.0
2
 in

ch
 S

lo
tte

d S
cr

ee
n 

C'I
O 

C
d

o
n

 St
ee

l P
ro

te
ct

or
 Ca

sin
g- 

I-
 $ 0
 

0
 * 



0 

I 

I) 

6 

26 

10 
c. c w w 

I 
b36 

40 

68 

(See Logbook # 15 1 
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WELL CONSTRUCTION CETAILS 
UEU W-BS 

ELEVATION: 2‘ TOC 370.74 f 1. WSL 

PW Phase I1 Site Investigatm 
North Plant Area, corner of Wyoming 6 15th St. 
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(See Logbook # 15 1 
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WELL CONSTRUCTION OETAILS 
EU ww-m 

ELEVATION: 2’ TOC 380.07 ft. WSL 

PW Phase I 1  
Paducah, Kentucky 
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WELL CWSTRUCTION CETAILS 
WELL w-87 

ELEVATION: 2' TOC 376.36 ft. WSL 

P6oP phase I1 
Paducah, Kentucky 

(See Logbook # 18 and 27 
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WEU CONSTRUCTION OETAILS 
WEU M-168 

ELEVATION: 2’ TOC 377.42 ft. U S  

P6OP Phase I 1  Site Investigation 
Diesel Spill Area, near Vrgina and toth St. 

35 
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WELL CONSTRUCTION OETAILS 
WEU ww-BO 

ELEVATION: 2' TOC 373.41 11, MSL 

PGOP Ptrase I1  Site Investigation 
001-Ditch, N. of C-745-C Yard 

I (See Logbook # 23 1 
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WEU CONSTRUCTION OETAILS 
nEu nn-no 

ELEVATION: 2’ TOC 373.08 ft. WSI 

PGOP Phase I1 Site Investigation 
puducah, Kentucky 

f (See Logbook # 23 1 
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WELL CMTRUCTION DETAILS 
WEU M-l7l 

ELEVATIM 2' TOC 374.63 ft. CISL 
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PW Phase I1 Site Investigation 
001-Ditch, 100' E. Of C-745-C Yard 
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WEU CONSTRtlCTION ETAILS 
WEU W-V2 

UEVATIW 2’ TOC 373.70 11. )1sL 

(See Logbook # 24 1 

PW Phase I1  Site Investigation 
OOOl-Ditch, North Of C-745-C Yard 
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WEU CONSTRUCTIW DETAILS 
WEU Wl73 

ELEVATION: 2' TOC 373.30 f 1, WSL 

PGOP Phase I1  Site Investigation 
Upgradient Of Lagoons, N Of C-7464 YUd 

(See Logbook # 24 1 
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EU CONSTRUCTIOIJ CETAILS 
WEU c1w-v4 

ELEVATION: 2' TOC 3 7 3 a  ft. llSL 

PW Phase I 1  
Paducah, Kentucky 

(See Logbook # 24 1 



(See Logbook # 25 1 
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UEVATION: 2' TOC 38l.M f 1. CtSL 

PW Phase I1 Site Investigation 
W 4 7 ,  West side of C-400 81do. 



WELL CONSTRUCTIW CETAILS 
WELL Wl76 

ELEVATION 2’ TOC 38l.23 11. WSI 

PW phase I 1  
Paducah, Kentucky 
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WEU CONSTRUCTION ETAILS 
WEU ww-l77 

ELEVATIW 2' TOC 379.74 11, CISL 

PGOP Phase I1 Site Investigation 

(See Logbook # 27 ) 
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WEU CONSTRUCTION DETAILS 
WEU W-V8 

ELEVATION: 2’ TOC 378.80 11. ClSL 

PW Phase 11 Site Investigation 
WUU-40, C-400 NE Comer 

(See Logbook R 27 ) 
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WEU CONSTRUCTION OETAILS 
WELL wn-ns 

9 

ELEVATION: 2" TOC 358.60 f 1. USL 

PW phase I 1  Site Investigation 
North Landfill- N. Side 

I (See Logbook # 35 1 
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WEU CONSTRUCTION DETAILS 
WELL ww-180 

ELEVATION: r TOC 358.1 ft. )1s1 

f (See Logbook # 35 1 

PGOP Phase I1  Site Investigation 
North Landf ill-N. Side 
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WEU CONSTRUCTI(WJ OETAILS 
WEU ww-181 

ELEVATION: 2' TOC 37l.15 ft. WSI 

p6op Phase I1 Site Investigation 
North Larrdfil, South side 
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ELL CONSTRUCTION DETAILS 
UEU ww-182 
ELEVATION: 

(See Logbook # 42 1 

PW Phase 11 Site Investigation 
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WELL CONSTRUCTIW DETAILS 
WELL w-n4 

ELEVATION: 2' TOC WA 

PGOP Phase I 1  
Paducah, Kentucky 
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WEU CONSTRUCTION DETAILS 
WEU ww-185 

ELEVATIOIJ: 2’ TOC 373.64 11. CtSL 

PGOP Phase I 1  Site Investigation 
w7 Buid Ground 
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WEU CONSTRUCTION OETAILS 
WEU ww-l86 

ELEVATION: 2' TOC 373.82 f 1. WSL 

PW Phase I1 Site Investigation 
w7 wid Gtowrd 
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WEU CONSTRUCTION OETAILS 
WEU ww-t87 

UEVATIW 2' TOG 37324 11. nsL 

PGDP phase I1 Site Investigation 
WUU-30, Bun Area, with UW-66 

(See 1 ogbook # 20 ) T 
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WELL CONSTRUCTION OETAILS 
WEU ww-188 

ELEVATION: 2' TOC 374.24 ft. WSL 

P6OP Phase I1 Site Investigation 
M&l$ sw of 01 Landform 

I 40 

(See Logbook # 32 1 
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WEU CONSTRUCTION CETAILS 
WELL ww-180 

ELEVATION: 2' TOC 375.50 ft. CtSL 

PGOP Phase I1 
Paduca Kentucky 

(See Logbook # 32 ) 
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WELL CONSTRUCTION OETAILS 
WEU ww-190 

ELEVATION: 2' TOC 37320 f 1. USl 

PGOP Phase I1  Site Investigation 
North of Classified Burii Yard 



APPENDiX 28-5 
Well Installation, Development, and Soil and 

Water Sampling: Stage B Monitoring Wells 
M W- 7 9 7 through M W-206 and Exploratory 

Borngs H266 through H272 



TECHNICAL MEMORANDUM NO. 5 

PREPARED B Y  Gennaro Avolio/ORO 

SUBJECT Well Installation, Development, Soil and Water Sampling: Stage B 
Monitoring Wells, MW-191 through MW-206 and Exploratory 
Borings H266 through H272 

PROJECT OR030888.BI 

INTRODUCTION 

PURPOSE AND SCOPE 

This technical memorandum documents the drilling and installation of 16 Stage B 
monitoring wells and the drilling of 6 exploratory borings for the Phase I1 Site 
Investigation at the Paducah Gaseous Diffusion Plant (PGDP). This memorandum is 
organized to present the background, rationale, and results for the Stage B monitoring 
well program; to discuss well locations; to describe methodologies for drilling, borehole 
logging, soil sampling, water sampling, well installation, and well development; to 
describe soil borings; to describe equipment decontamination procedures; and to 
describe the management of wastes derived from this task. 

BACKGROUND 

This monitoring well installation program augments an ongoing DOEEnergy Systems 
Environmental Restoration Program (ERP) to meet the objectives of an EPA and 
DOE Consent Order to determine the nature, extent, and threat of offsite groundwater 
contamination caused by sources at the PGDP. 

Phase I, which has been completed, focused on evaluating the nature of offsite 
contamination originating at the PGDP. Results indicate that Tc-99 and BTEX 
compounds were detected, but not confirmed, in the deep groundwater system; TCE 
and Tc-99 concentrations were variable, but indicate plume(s) migrating offsite in the 
regional gravel aquifer. These contaminants were also detected in the shallow 
groundwater system adjacent to streams and in cultivated fields. 

Phase I1 of the PGDP investigation is being carried out in two stages. Stage A included 
the installation of 35 wells at the onsite waste management units (See TM 4). This 
technical memorandum pertains to the Stage B monitoring well installation task. The 
objective for Phase 11, Stage B, is to further define the vertical and lateral extent of the 
Tc-99 and TCE plume(s) in the groundwater by characterizing the water quality 
downgradient of the PGDP. To this end, 12 monitoring wells were installed offsite. 
Four of the additional wells were installed onsite, adjacent to identified waste 
management units (WMUs), to augment Stage A wells in characterizing potential 
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sources of onsite contamination. Monitoring wells MW-203 and MW-204 were installed 
during Phase 11, Stage B, as a result of Stage A sample results indicating a need to 
evaluate the C-720 building area as a possible source of contamination. In addition, 
monitoring wells MW-205 and MW-206 were installed during Phase 11, Stage B, at the 
request of Energy Systems to further define possible contaminant migration between 
the C400 area and the plant periphery. 

Data collected during the well installation include lithologic logs and field instrument 
screens for radiologic and volatile organic contaminants from soil samples. This data is 
presented herein. Data resulting from the well installation task will include laboratory 
chemical and radiological analysis of soil and groundwater samples collected from well 
boreholes and the developed monitoring wells, respectively, and slug test hydraulic 
parameters. This data is discussed in the Phase I1 Site Investigation Report. 

Isolation casings were installed for monitoring wells MW-191, MW-192, MW-194, 
MW-197, MW-200, MW-202, MW-203, MW-205 and MW-206. 

Wells were installed using truck-mounted CME drill rigs operated by Brotcke 
Engineering Co., Inc. (St. Louis, MO). During monitoring well installation, a 
hydrogeologist/geotechnical engineer from CH2M HILL and an industrial 
hygienehealth physics (IH/HP) technician from TMA/Eberline were present, providing 
technical supervision and health and safety monitoring. Field information for each well 
cluster, including personnel present, installation dates, development dates, drill rigs, and 
equipment used are included in Attachment 5-A. 

WELL LOCATIONS 

Monitoring well locations are shown in Figure 5-1. Well locations were selected to 
provide information regarding subsurface hydrogeologic setting, the vertical and lateral 
extent of the Tc-99 and TCE plume(s) in the groundwater, and the water quality 
downgradient of the PGDP. Table 5-1 lists the well locations, well numbers, plant 
coordinates, estimated ground elevation, hydrogeologic unit, screened interval (ft bgs), 
and rationale for the well location. 

The 2-in. diameter, stainless steel wells were selected to allow groundwater sampling 
and to allow variable head tests for hydraulic properties analysis, while minimizing the 
volume of waste soils and purgewater generated. 

Phase 11, Stage B, wells were installed in two aquifers: the Shallow Groundwater 
System contained within sand of the Upper Continental Deposits, and the Regional 
Gravel Aquifer, which consists of sand and gravel designated as the Lower Continental 
Deposits. These aquifer zones were targeted, since they would provide data to further 
define the extent of the TCE and Tc-99 contaminants plume(s) offsite. 
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Five monitoring wells were installed within the Shallow Groundwater System, 
determined in the field as the uppermost saturated zone. This zone generally appears 
semi-confined beneath 15 to 25 ft of clay. 

Ten monitoring wells were installed within the upper part of the gravel aquifer. 
Generally, these wells were installed just below the upper part of the RGA to secure 
proper development of these wells. This aquifer is the primary pathway of offsite 
groundwater contaminant transport. Site lithologic logs and downward vertical 
gradients suggest that the RGA is not hydraulically isolated from the shallow 
groundwater system. 

Isolation casings were set for eight monitor wells in Stage B. Task instructions 
(March 22, 1991) specified that the isolation casings would be set in the fine-grained 
deposits near the base of the Upper Continental Deposits, if a well was to be 
completed (screened) within the RGA, and would penetrate a zone of possible 
contamination. Some monitoring wells were installed in clusters, and wells were 
designed based upon information collected during lithologic logging of the deepest 
borehole at each well cluster location 

Stage B wells were screened over a 5-ft interval, except for MW-206, which has a 10-ft 
screen. The 10-ft screen was installed to expedite the construction schedule. Discrete 
well screen intervals were selected so as to screen only the permeable sand within the 
Upper Continental Deposits and in the upper portions of the RGA. This will allow 
checking of water quality and water level variations in discrete zones of each aquifer. 

The ground elevation at Stage B wells has been estimated from the surveyed elevation 
of the monitor well riser, with the measured height of the riser being subtracted from 
the riser elevation. This elevation, because of the accuracy of the stick-up 
measurements, is shown to the nearest one-half foot. As the pads around the wells are 
completed, the elevation of the pad will be surveyed. 

METHODOLOGY 

DRILLING 

Drill rigs were mobilized to the PGDP site on November 26, 1990, to commence 
drilling activities for Phase 11, Stage A. Initial rig inspection (by Energy Systems) and 
decontamination of rigs, tools, and downhole equipment was performed from 
November 26 through 28. 

Drilling for Stage B of Phase I1 started on March 7, 1991. The drill rigs were 
decontaminated before moving to a new well, or well cluster, location. Tools and 
downhole equipment were decontaminated between each borehole, and after setting an 
isolation casing, before continuing to drill below the isolation casing. 
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Drill rigs were set up on staked locations approved by Energy Systems under an 
excavation permit. At some drilling locations, such as within a radiation control zone 
or near high tension power lines, a radiation work permit, or a hazardous work permit, 
was required as determined by Energy Systems. Conditions of each of these permits 
were discussed with the crews working at  the permitted location before work began. 

A gravel working pad approximately 30 ft x 40 ft was constructed at most drilling 
locations to facilitate access and to help prevent the spread of contamination. Gravel 
pads were not constructed at MW-203 and MW-204, as these locations were mostly 
paved, nor at either MW-205 or MW-206, because the ground was dry and firm. 

Prior to drilling, an exclusion zone was established to control access into and out of the 
working area. The exclusion zone was established using reinforced steel bar stakes and 
flagging to create a boundary. Level D personal protection was required to enter the 
exclusion zone. After drilling began, all persons and equipment were monitored by the 
IH/HP for radioactive contamination before leaving the exclusion zone. 

The exclusion zone was enclosed by an outer zone (construction zone). The outer zone 
was large enough to contain any item falling from the drill rig mast. It also served as a 
corridor for the driller's equipment trucks and trailers to drop off and remove supplies. 
Level D personal protection was required to enter the outer zone. No monitoring was 
required to leave this zone. 

Drilling was conducted by two truck-mounted CME 75 rigs and one truck-mounted 
CME 55 rig. Seven and three-quarter inch outer-diameter (OD) hollow stem augers 
(HSA) [3-3/4 in. inner-diameter (ID)] were used to drill and sample boreholes that 
were to receive 2-in. ID well strings. Twelve inch flight augers were used to ream the 
7-3/4 in. boreholes to set 8-in. OD isolation casings. 

Some RGA wells (MW-191, MW-192, MW-193, MW-194, MW-197, MW-200, MW-202, 
MW-203, MW-205 and MW-206) have an 8-in. OD, steel isolation casing installed to 
the depth of a fine-grained soil interval, located between possible saturated zones in the 
Upper Continental Deposits and the RGA (see Table 5-1 for depths). The casing was 
installed inside a 12-in. ID borehole, and the 4-in. annular space was grouted using a 
tremie pipe. No further drilling was conducted until the grout set overnight. 

The next day, the RGA borehole was advanced to total depth (inside the isolation 
casing), either the top of the RGA or the bottom of the RGA. The RGA was easily 
identified during drilling by a "chattering" of the drill rig and/or by a significant decrease 
in sample recovery from the continuous sampler due to large size gravel (up to 
approximately 1.5- to 2-in. in diameter). 

The drilling sequence at a well cluster with a shallow water table well and an RGA well 
was as follows: On the RGA well location, a 7-3/4 in. borehole was advanced and 
continuously sampled with a 5-ft x 3-in. ID, CME continuous sampler to the depth of 
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TABLE 5-1 
Stage B Monitoring Well Data 

PGDP Phase II Site Investigation 

of Plant 
0- 
of M7 Road 
North of C-120 
Building 
.North of C-120 
Building 
Last of C - 3 ~ 3  
Building 

Building 
South Of G-631 

Of fsi te-Ogden 
Landing Road and 
Little Bayou Creek 
Offsite-Ogden 
Landing Road and 
Little Bayou Creek 
Uffsite-Ugden 
Landing Road and 
Power Lines 
Dftsite-next 
to Big Bayou 
Creek 
Dtf site-next 

MW206 
E (-4360.3) 36 Migration 

E (-2924.5) 46 Migration 
- 8) 382.95 upper RG* - Uetine Cotaminant 

RGA= Regional Gravel Aquifer 
SGS = Shallow Groundwater System - .  



the isolation casing (typically 30 to 50 ft). The borehole was reamed and cleaned out 
using the 12-in. flight augers. These augers were then removed from the hole (in most 
instances, the hole stayed open due to the high percentage of clay or stable formation 
in the upper 50 ft) and the 8-in. isolation casing was placed into the bottom of the 
reamed 12-in. borehole. The isolation casing was grouted in place using a tremie pipe 
and allowed to set overnight before continuing to drill. The next day, 7-3/4 in. augers 
were advanced inside the 8-in. isolation casing to the total RGA well depth while 
collecting continuous samples. All samples were collected using the 5-ft continuous 
sampler. After the RGA well was installed, the shallow borehole was drilled using the 
7-3/4 in. hollow stem augers to the total well depth, as determined from the lithologic 
log of the RGA borehole. Typically, no sampling was conducted in the shallow 
borehole at a clusterlocation. 

BOREHOLE LOGGING 

The Sample Team Leader (STL) logged the boreholes during drilling. Descriptions of 
the soil collected during drilling and sampling were recorded on standard form D1586 
in accordance with CH2M HILL'S "Standard Procedures for Logging of Soil Borings" 
(January 26, 1990). The soil boring logs are included as Attachment 5-B. These logs 
correspond to the deepest borehole at each well cluster (Table 5-1). Logged 
information, in addition to lithologic descriptions, include HNu and radiological field 
readings, and pocket penetrometer values for recovered samples. 

In addition to the borehole logs, the STL kept a field logbook that contains a 
chronologic diary of the work completed each day at a given well location. Logbook 
reference numbers are indicated on the well completion diagrams in Attachment 5-C. 
These books contain the names of personnel on site, descriptions of the field methods, 
any unusual or notable occurrences during the work, diagrams of the installed wells, 
tables of materials installed and removed from the well borehole, and tables of waste 
drum numbers used to contain wastes from the well cluster. 

SOIL SAMPLING 

Soil samples were collected continuously in the deepest borehole at each well location. 
Samples were obtained using a 5-ft long, 3-in. ID split barrel, stainless steel, CME 
continuous sampler that provided continuous soil sampling during hollow auger drilling. 
The sampling barrel fits within the lead auger, extending a short distance in front of the 
auger head, allowing sampling to occur slightly in advance of the augers. The Task 
Instructions required continuous soil samples to the top of the RGA, and then at 5-ft 
intervals, thereafter. Because a CME continuous sampler was used, samples were 
collected continuously to the total depth. All soil samples were screened with the HNu 
for volatile compounds and with an AC-3 Alpha Probe and HP-210 or HP-260, Gamma 
Probe for radioactivity, then lithologically logged. Well screen locations were chosen 
based upon soil sample lithology. 
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The exploratory borings were drilled and sampled the same as for a monitoring well 
with exception that the samples were not retained after field logging but were 
drummed with the cuttings. When the RGA was reached, a water sample was obtained 
for delivery to PGDP. 

One investigation-derived waste sample was composited over the entire depth of the 
deepest well cluster borehole for laboratory analysis to determine if drummed soil 
cuttings should be handled as hazardous material. Several spoonfuls of soil along the 
length of each continuous sample were placed into a stainless steel bucket. After the 
borehole reached total depth, the soil in the bucket was mixed and transferred to 
sample jars in the following aliquots: 

4 60-ml glass jar for radioactivity analysis 

4 (6) 32-oz glass jars for VOAs, TCLP, TCLP metals, 
PCBs/pentachlorophenol, radioisotopes, and general waste characteristics 

WELL INSTALLATION 

Lithologic logs (Attachment 5-B) from the deepest boring at each site were used to 
select the screen interval(s), the isolation casing depth (if applicable), and the total well 
depth(s). STLs submitted daily copies of lithologic logs and the field logbook to the 
Task Manager. Based upon daily submittals of lithologic logs, and information relayed 
from the field by the STL, the Task Manager, in consultation with the STL specified 
the screen interval for each Stage B monitoring well. 

Wells were installed by three separate field crews under the field direction of a 
CH2M HILL STL (geotechnical engineer or hydrogeologist). Approved well 
construction materials were supplied by Brotcke Engineering and checked and noted in 
the field by the STL for conformance with specifications. Well construction diagrams 
are included in Attachment 5-C. 

The well boreholes were drilled a few feet below the depth at which the well screen 
was to be placed. This allowed for caving of the formation before the well string was 
installed and for attempted placement of some filter pack below the well screen. 

The 2-in. ID well string was installed inside the 7-3/4 in. hollow stem augers to the 
depth interval specified by the Task Manager. The well string consisted of, from 
bottom to top, a 2-in. end cap, a 5-ft length of 0.01-in. slot Johnson Channel Pack 
screen, and the appropriate length of riser to allow 2- to 3.5-ft above the ground. 
Channel Pack screen is a prepacked screen assembly with a built in filter pack. The 
filter pack used was 16-30 mesh Colorado Silica sand. The pre-packed screen assembly 
consists of an inner screen and an annular outer screen with the designed filter pack in 
the space between the two screens. The top and bottom of the assembly is closed so 
the filter is confined to the screen area. 
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The screen length for MW-206 was 10 ft instead of the usual 5 ft. This change was 
made to expedite the construction schedule. The well string material is Johnson type 
304 stainless steel, and is joined by factory threaded ends with chemically inert 
O-rings for sealing. 

Once the well string was placed, a filter pack was installed from the bottom of the 
borehole to a depth 5 ft above the well screen. The filter pack consisted of 16-30 mesh 
Colorado Silica sand. The filter pack was placed because the Channel Pack extended 
only to the top of the screen. 

Above the filter pack, a minimum 4-ft thick bentonite seal was placed in the borehole. 
The seal was placed with a tremie pipe, using a 1:l mixture of Naturalgel powdered 
Wyoming bentonite and potable water. The thickness of this seal was nominally 5 ft. 
Because the bentonite seal was placed as a hydrated slurry, there was no setting time 
before placing the grout above the bentonite seal. Because it was difficult to measure 
the depth of the hydrated bentonite seal with a weighted tape, an approximate volume 
of one and one-half bags of bentonite and 8 gal of water was mixed in the grout plant 
and pumped via a 1/4-in. tremie pipe into the annular space. This produced an 
approximate 5-ft seal. 

The annular space from above the bentonite seal to the ground surface was grouted 
using 1-in. diameter PVC tremie pipe or 1-in. flexible plastic tubing. Lonestar Type I 
portland cement was mixed in batches consisting of approximately two bags of cement, 
15 gal of potable water, and one-fourth bag of bentonite. The grout was mixed in a 
grout plant and pumped through the tremie pipe into the borehole. 

The monitoring wells were installed and developed before concrete pads, posts, and 
protective casings were installed. Protective casings were constructed of 6.625-in. OD, 
ASTM A53, Grade B steel with hinged locking caps. The protective casings were 
approximately 6 ft  in length with approximately 3 ft installed and grouted below ground 
surface so there were 4 in. between the top of the well riser and the top of the 
protective casing. The protective casings are set into a 4 ft square reinforced concrete 
pad approximately 1-ft thick. The wells were further protected by installing four 3-ft 
high guard posts at corners 5 ft away from the well. Guard posts consisted of the same 
steel pipe as the protective casing installed approximately 3 ft below ground surface 
and filled with cement. Protective casings and posts were painted a bright yellow color, 
similar to the color of the wells installed during Phase I of the PGDP Investigation. 

On the north side of the concrete pad, two circular brass plates were installed in the 
concrete at the base of the protective casing. The well identification number is 
inscribed on the plates with the surveyed well coordinates and the elevation of the 
brass plates. 
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WELL DEVELOPMENT 

Stage B wells were developed from March 13, 1991, to May 14, 1991. The 
development procedure involved surging, bailing, and airlift pumping so that 
representative formation water may be subsequently sampled from the wells. Wells 
screened within the shallow aquifer were only surged and bailed because airlift methods 
could not be employed due to low water volume and depth. Wells were developed 
using the procedures in Energy Systems Method ESP-600. 

The sequential well development procedure was the following: Each well was sounded 
for total depth and water level, and most were then surged with a stainless steel surge 
block throughout the screen interval. Each 1-ft increment of well screen was surged for 
approximately 15 to 20 min using a consistent up and down motion drawing fine 
sediments into the well screen by suction of the surge block inside the screen. 

After surging, the well was bailed using a stainless steel bailer to remove accumulated 
sediments. If more than 1 ft of sediments was measured within the well, bailing was 
continued until the water removed contained less than 10% sediments, as determined 
by visually assessing a 5-gal bucket of bailed water that was allowed to settle. If less 
than 1 ft of sediment was measured in the well, then air lift pumping was initiated on 
the RGA wells to complete the well development. For shallow wells, bailing was 
continued until criteria for well development listed below was met and the Task 
Manager and STL approved the completion of development for that well. 

Well development was complete when a minimum of 5 times the casing volume plus 
the water added to the well was removed, field parameters of conductivity and pH were 
stable, and the water had cleared sufficiently, or, if water was still turbid, the Task 
Manager and the STL approved the completion of development. Field parameters 
were considered stable when pH varied by less than 0.5 units, temperature varied less 
than one degree, and specific conductivity varied by less than 10% over three 
consecutive water samples. 

The total volume of water removed from each well and the values of stabilized field 
parameters are shown in Table 5-2. The total volume of water removed from each well 
was generally greater than the criteria specified above because five volumes were 
frequently not sufficient to result in clear well water. Clear water was defined as light 
pink, or clearer, in color as observed in a white 5-gal bucket. In general, the water 
pumped from the RGA wells became clear. However, the shallow wells often did not 
produce enough water to achieve clarity by bailing. Shallow wells were bailed at 
intervals of time until the specified volume was removed, the parameters stabilized, and 
the Task Manager and STL approved the completion of development based upon the 
hours spent, volume removed, rate of well recovery, and water color descriptions. 

Following development, groundwater sampling began. The first set of samples were 
collected starting April 1, 1991. 
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MW-194 
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hnw-199 

m - 2 0 0  
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7.26 335 20 Clear 5/2/91 Yes 4/30/81 
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63-68 7.29 335 20 
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EXPLORATORY BORINGS 

During the PGDP Phase 11, Stage B site investigation, six exploratory borings were 
drilled off site. The location of these borings are shown in Figure 5-1. The purpose 
for drilling these exploratory borings was to determine the locations of MW-201 and 
MW-202 so that these two wells would be at the locations with the highest levels of 
contaminates as determined from water samples taken from the exploratory borings. 

Table 5-3 presents location, depth, and subsurface data about the exploratory borings. 
Two of these borings, H-267 and H-268, were drilled to the bottom of the RGA at the 
request of Energy Systems. Boring H-267, located at the northernmost end of 
M-7 road in the WKWMA, shows the top of sand identified at 50 ft, top of gravel at 
75 ft, and bottom of gravel at 95 ft. The last sample attempted on this boring had poor 
recovery, believed to be caused by the loose gravel encountered at 85 ft, which caused 
the sample not to stay in the sampler. The interface depth was determined, in part, by 
the drilling manner. At Boring H-268, located 500 ft east of Bouldry School Road on 
Jim Allen Road, the top of sand was identified at 54 ft, top of gravel at 65 ft, and 
bottom of gravel at 86 ft. 

Water samples were taken at  the request of Energy Systems from the six borings once 
the RGA was reached. A stainless steel bailer was inserted through the hollow stem 
auger for the collection of the water sample. The bailer was decontaminated as per 
specifications listed below under the "Decontamination of Equipment" section. These 
water samples, which were submitted directly to Energy Systems for analysis of TCE 
and Tc-99, consisted of two 250-cc bottles. The results from these water samples 
(shown on Table 5-3) were used to determine the location of monitor wells MW-201 
and MW-202. 

Monitoring well MW-201 was drilled at the exploratory boring H-271 location and 
monitoring well MW-202 was drilled at the exploratory boring H-267 location. 

DECONTAMINATION OF EQUIPMENT 

The purpose of consistent decontamination procedures is to prevent the spread of 
possibly contaminated material between boreholes and samples and from the 
immediate work area around the well borehole. 

Drilling and sampling equipment was decontaminated in accordance with Energy 
Systems Methods ESP-900 and ESP-901. Before setting up at a drilling location, a drill 
rig was decontaminated by steam cleaning according to ESP-901. The drill rig was 
steam cleaned between well clusters and not between wells within a cluster. Steam 
cleaning took place at the off-site decontamination pad. 

Downhole equipment (drill rods, bits, augers, samplers, etc.) were decontaminated 
according to ESP-900 as follows: (1) detergent/potable water wash, (2) potable tap 
water rinse, (3) organic-free water rinse, (4) isopropanol rinse, ( 5 )  organic-free water 
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H-266 North End of 
M-4 Road 

Approximate Estimated Ground TCE 
Plant Elevation (Top of and 

Coordinates Borehole ft. rnsl) TC-99 

H-267 North End of 
M-7 Road 

H-268 West End of Jim 
Allen Road Yl 

Reason for Exploratory Boring 

H-270 Old Raw Water Line 

<1 PPb 
<25 pCi/l 

H-271 Boldry School Road 
North of Plant 

H-272 North End of North 
Extension of Harmony 
Cemeterv Road 

Location of ground water 
contamination for monitor well 
location. 

TABLE 5-3 
Stage B Exploratory Boring Location Data 

PGDP Phase II Site Investigation 

~~~ 

46 PPb 
37 pCi/l 

2 PPb 
<25 pCi/l 

30 PPb 
<25 pCi/l 

Location of ground water 
contamination for monitor well 
location. MW-202 located here. 

Location of ground water 
contamination for monitor well 
location. 

Location of ground water 
contamination for monitor well 
location. 

N (7688.9) 
E (-6993.3) 

366.08 

N (761 32.2) 
E (-56880) 

370.53 

N (8008.3795) 
E (-4346.1 652) 

367.37 

~~ ~ 

N (1 041 8.01 25) 
E (-3558.801 4) 

360.73 

N (1 01 67.4) 364.51 
E (-4884.0) 

86 PPb 
35 pCi/l 

Location of ground water 
contamination for monitor well 
location. MW-201 located here. 

N (8549.369) 
IE (-321 1.0236) 
I 

361.51 <1 PPb 
<25 pCi/l 

of ground water 
contamination for monitor well 
locat ion. 

ppb= Parts per Billion 
pCi/l= Pic0 Curies per Liter 



rinse, and (6) air drying. Downhole and soiled equipment (i.e., hoses, pipe wrenches, 
tools) were decontaminated between each well location at the off-site decontamination 
pad. 

Of the downhole equipment, soil samplers were decontaminated in the field at the drill 
site using a metal trough to collect the decon water. Samplers were laid on a screen 
over the trough, and stainless steel, pressurized sprayers containing detergent, potable 
water, organic-free water, and isopropanol were used with brushes to clean the 
samplers at the site. After cleaning and air-drying, the samplers were scanned by the 
IHD-IP technician with an HNu for a final check before reentering the borehole. 

The remainder of the downhole equipment was wrapped in plastic, loaded on a trailer, 
and not decontaminated in the field but decontaminated at the decontamination pad. 
Decontaminated equipment was then wrapped in plastic and transported to the drill 
site. There was no IH/HP coverage at the offsite decontamination pad to scan all 
decontaminated equipment. However, team members visually inspected and scanned 
the equipment as it was used at a new borehole or below the isolation casing. 

STLs were responsible for preventing contamination of samples collected for laboratory 
analysis. Disposable plastic sheeting was laid underneath tables and around the 
borehole to catch soils dropped on the ground. Stainless steel bowls and implements 
for mixing and collecting samples were decontaminated either at the decontamination 
pad or drill site between samples. Bailers used for the collection of water samples at 
the exploratory boring locations were decontaminated by steam cleaning at the off-site 
decontamination pad. 

Personal protective equipment (PPE) and other disposable items were disposed of into 
labeled PPE drums before leaving the exclusion zone at a drill site. 

INVESTIGATION-DERIVED WASTE MANAGEMENT 

Potentially hazardous wastes generated during the Stage B well installation task include 
borehole soils (drill cuttings); disposable equipment (PPE); and fluids removed from 
the borehole, the well, or generated by decontaminating equipment. These wastes were 
segregated by type (soils, PPE, and waste water) and by location. All investigation- 
derived waste was relinquished to Energy Systems. 

Soils, or drill cuttings, were contained and segregated by well or borehole number; well 
development water was contained and segregated by well cluster and composited into 
1,200-gal storage tanks at the PGDP Secured Storage Area (SSA), and field 
decontamination waste water was pumped into drums at the well site or transported to 
the offsite decon pad and pumped into decontamination water tanks. Ultimately, 
wastes were transported and stored in the SSA until undergoing chemical classification 
to determine their release by Energy Systems. 

OROR1/001.51 5-13 



Brotcke Engineering was responsible for drumming wastes in 55-gal drums at a drill site 
and transporting drummed wastes from each well cluster location to the SSA. The 
Waste Manager assigned drum numbers to the STL, who labeled drums. Soils were 
shoveled from the metal plate around the borehole directly into lined, 55-gal drums. 
Well development water was either bailed into 55-gal drums, or pumped into 600-gal 
mobile tanks at the well cluster. Mobile tanks were transported to SSA and pumped, 
under the direction of the Waste Manager, into 1,200-gal storage tanks. 

A waste composite sample, as described under the section, Soil Sampling, was collected 
by the STL at each single well or well cluster location. 

INTERPRETATIONS 

Data collected during Stage B well installation include lithologic logs and HNu and 
radiological screening data. During the installation of Stage B wells at  MW-197 and 
MW-198, no good saturated zone was found in the Upper Continental Deposits. The 
screen for MW-198 was set with the bottom at 23 ft in a moist sand. Also at the 
location for MW-191 and MW-192, no shallow water zone was located. MW-192 was 
constructed with the screen from 38 to 43 ft. MW-191 and MW-192 are located 
immediately next to Little Bayou Creek, and previous creek erosion and deposition 
could have altered the stratigraphy here. Subsequent water level measurements will 
determine if this well is in the RGA. 

Indicated on the boring logs are locations where soil sample(s) had Hnu or radiological 
screening data values greater than background. These locations may be checked 
against laboratory soil and groundwater data when they are available. 

The well borehole logs generally correlate with borehole logs collected during the 
Phase I investigation (Phase I Site Investigation, March 22, 1991). In general, the 
boring logs reveal an uppermost stratigraphic unit consisting of a clay and clayey sand 
underlain by a silty clay. The silty clay has been identified by the US .  Geological 
Survey as a wind blown loess. This two part unit can be up to 35-ft thick and is 
underlain by what is interpreted as Upper Continental Deposits. The Upper 
Continental Deposits here consist of alternating layers of sand (usually less than 5 ft) 
and clay or clayey sand (up to 50 ft) with some very thin layers of angular to sub 
angular gravel. The thin gravel layers, if present , are found near the top of the unit. 
The total depth to the bottom of the Upper Continental Deposits is 35 to 65 ft. In 
general, the Upper Continental Deposits contain the shallow groundwater system. Five 
monitoring wells were installed in the Shallow Groundwater System. 

The Upper Continental Deposits are underlain by the Lower Continental Deposits of 
well-rounded, cherty gravel with varying amounts of non-cohesive silt and sand. The 
Lower Continental Deposits are the Regional Gravel Aquifer. Eleven monitoring wells 
were installed in the Regional Gravel Aquifer. 

OROR1/001.5 1 5-14 



The Lower Continental Deposits are underlain by the Porters Creek Clay, the McNairy 
Formation, and Eocene Sand. No Phase I1 wells or borings penetrated these units, 
except MW-196 and exploratory borings H-267 and H-268. 

Typically, except at MW-197, there were approximately 1 to 25 ft of loose sand directly 
underlying the clayey sand-sandy clay and above the regional gravel aquifer (RGA). 
This sand is considered part of the Upper Continental Deposits, although, according to 
the boring logs, no significant hydraulic barrier was encountered between the sand and 
the RGA. Because the sand was loose and wet, its occurrence was often marked by 
little to no sample recovery. Installing wells in areas where these non-cohesive sand 
was present sometimes presented difficulty. Sand would rise in the augers, requiring 
the driller to add water to the augers or attempt redrilling. The use of sand pre- 
packed screens for constructing Stage B monitoring wells made it easier to assure a 
sand pack around the monitor well screen. 

The RGA, readily identified by loose sand and gravel, was encountered consistently at 
depths approximately between 47 ft bgs (MW-194) and 70 ft bgs (MW-206). The 
corresponding elevations were El. 307 and El. 3 14, respectively. 

The base of the gravel aquifer was established at two locations: exploratory borings 
H-267 and H-268. The depth of the RGA base, as shown in the boring logs, was 95 ft 
at H-267, and 86 ft at H-268. 

At monitoring well MW-196, the RGA was not encountered, and a black, lean clay, 
interpreted as Porters Creek Clay, was encountered at a depth of 26 ft. 
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Attachment 5-A 
FIELD EXPLORATION INFORMATION 



ATTACHMENT 5-A 
FIELD EXPLORATION INFORMATION FOR STAGE B 
MONITOR WELLS AND EXPLORATORY SOIL BORINGS 
PGDP PHASE II SITE INVESTIGATION 

WELUBORING 

MW-191 
Installation: 

Development: 

Well TD = 61 ’ bgs 

03-1 3-91 TO 03-1 4-91 

03-1 5-91 TO 03-20-91 

MW-192 
Installation: 

Development: 

Well TD = 50’ bgs 

03-07-91 to 03-08-91 

03-1 5-91 TO 03-20-91 

MW-193 
Installation: 
04-26-91 to ’04-26-91 

Development: 
04-30-91 TO 05-02-91 

Well TD = 70’ bgs 

MW-194 
Installation: 

Development: 

Well TD = 55’ bgs 

03-07-91 to 03-08-91 

03-1 3-91 TO 03-1 5-91 

MW-195 
Installation: 
03-1 2-91 to 03-1 2-91 

Development: 

Well TD = 17’ bgs 

03-1 5-91 TO 03-20-91 

MW-196 
Installation: 

Development: 

Well TD = 30’ bgs 

03-1 8-91 to 03-1 8-91 

03-20-91 TO 03-21 -91 

EQUIPMENT 

CME 75; 7 3/4 OD 
Hollow Stem Auger; 
61’ 

CME 75;73/4 OD 
Hollow Stem Auger; 
50’ 

CME75;73/4 OD 
Hollow Stem Auger; 
70’ 

CME75;73/4 OD 
Hollow Stem Auger; 
55’ 

CME75;73/4OD 
Hollow Stem Auger; 
17’ 

CME 75;73/4 OD 
Hollow Stem Auger; 
30’ 

ON-SITE PERSONNEL 

D. Geshwender (CH) 
D. Morrison (EB) 
C. Faus (BR) 
G. Shetley (BR) 
T. Childress (BR) 
R. Dependahl (BR) 

D. Geshwender (CH) 
D. Morrison (EB) 
C. Faus (BR) 
G. Shetley (BR) 
T. Childress (BR) 
R. Dependahl (BR) 

D. Geshwender (CH) 
D. Morrison (EB) 
G. Autry (BR) 
G. Shetley (BR) 
J. Lutman (BR) 
S. Umfleet (BR) 
R. Dependahl (BR) 

J. Anderson (CH) 
A. Grigsby (EB) 
R. Holder (BR) 
R. Dependahl (BR) 
C. Thompson (BR) 
N. Risner (BR) 

R. Holder (BR) 
N. Risner (BR) 
G. Shetley (BR) 
E. Pomar (CH) 
D. Frain (EB) 
B. York (CH) 
T. Boone (BR) 
R. Scott (BR) 
E. Downard (EB) 

G. Schaefer (CH) 
A. Grigsby (EB) 
R. Holder (BR) 
N. Risner (EB) 
G. Shetley (BR) 



MW-197 
Installation: 
03-1 9-91 to 03-21 -91 

Development: 
03-26-91 TO 03-28-91 

Well TD = 65’ bgs 

CME 55;73/4 OD 
Hollow Stem Auger; 
65’ 

D. Geshwender (CH) 
D. Morrison (EB) 
G. Autry (BR) 
S.  Umfleet (BR) 
C. Thompson (BR) 

MW-198 
Installation: 
03-20-91 to 03-20-91 

Development: 
03-26-91 TO 03-28-91 

Well TD = 25’ bgs 

CME 55;7 3/4 OD 
Hollow Stem Auger; 
25’ 

D. Geshwender (CH) 
D. Morrison (EB) 
G. Autry (BR) 
S.  Umfleet (BR) 
C. Thompson (BR) 

MW-199 
Installation: 
05-08-91 to 05-08-91 

Development: 
05-1 3-91 TO 05-1 4-91 

Well TD = 65’ bgs 

CME 75;7 3/4 OD 
Hollow Stem Auger 
65’ 

G. Schaefer (CH) 
D. Morrison (EB) 
.J. Lutman (BR) 
S. Umfleet (BR) 
R. Dependahl (BR) 

MW-200 
Installation: 
03-1 9-91 to 03-20-91 

Development: 
03-21 -91 TO 03-25-91 

Well TD = 80’ bgs 

CME 75;7 3/4 OD 
Hollow Stem Auger 
80’ 

E. Pomar (CH) 
D. Frain (EB) 
C. Faus (BR) 
T. Childress (BR) 
R. Dependahl (BR) 

MW-201 
Installation: 
03-25-91 to 03-26-91 

Development: 
04-01 -91 TO 04-05-91 

Well TD = 70’ bgs 

CME 75; 73/4 OD 
Hollow Stem Auger 
70’ 

D. Geshwender (CH) 
D. Morrison (EB) 
G. Autry (BR) 
S. Umfleet (BR) 
C. Thompson (BR) 

H-270 
Installation 
03-1 8-91 TO 03-1 8-91 

Boring TD = 60’ bgs 

CME 55;7 3/4 OD 
Hollow Stem Auger 
60’ 

E. Pomar (CH) 
D. Frain (EB) 
G. Autry (BR) 
S. Umfleet (BR) 
M. Umfleet (BR) 

H-271 
Installation: 
03-18-91 to 03-18-91 

Boring TD = 65’ bgs 

CME 75; 7 3/4 OD 
Hollow Stem Auger 
65’ 

D. Geshwender (CH) 
D. Morrison (EB) 
C. Faus (BR) 
T. Childress (BR) 
R. Dependahl (BR) 



WELUBORING 

H-272 
Installation: 
03-20-91 to 03-20-91 

Boring TD = 30’ bgs 

~~ 

M W-202 
Installation: 
03-21 -91 to 03-25-91 

Development: 
03-29-91 TO 04-01 -91 

Well TD = 85’ bgs 

H-266 
Installation: 
03-1 2-91 to 03-1 2-91 

Well TD = 75’ bgs 

H-267 
Installation: 
03-1 3-91 to 03-1 5-91 

Well TD = 75’ bgs 

H-268 
Installation: 
03-14-91 to 03-1 4-91 

Well TD = 90’ bgs 

H-269 

MW-203 
Installation: 
04-02-91 to 04-03-91 

Development: 

Well TD = 80’ bgs 

04-09-91 TO 04-1 7-91 

M W-204 
Installation: 
04-05-91 to 04-05-91 

Development: 
’04-09-91 TO 04-1 7-91 

Well TD = 55’ bgs 

EQUIPMENT 

CME 75;7 3/4 OD 
Hollow Stem Auger 
30’ 

CME 55;7 3/4 OD 
Hollow Stem Auger 
85’ 

CME 55;73/4 OD 
Hollow Stem Auger 
75’ 

CME 75;73/4 OD 
Hollow Stem Auger 
75’ 

CME 55;73/4 OD 
Hollow Stem Auger 
90’ 

NOT DRILLED 

CME 75;7 3/4 OD 
Hollow Stem Auger 
80’ 

CME 75;7 3/4 OD 
Hollow Stem Auger 
55’ 

ON-SITE PERSONNEL 

G. Schaefer (CH) 
A. Grigsby (EB) 
R. Holder (BR) 
N. Risner (BR) 
G. Shetley (BR) 

E. Pomar (CH) 
D. Frain (EB) 
C. Faus (BR) 
R. Dependahl (BR) 
T. Childress (BR) 
M. Umfleet (BR) 

G. Schaefer (CH) 
C. Webb (CH) 
A. Grigsby (EB) 
G. Autry (BR) 
S. Umfleet (BR) 
C. Thompson (BR) 

E. Pomar (CH) 
D. Frain (EB) 
R. Holder (BR) 
N. Risner (BR) 
G. Shetley (BR) 

G. Schaefer (CH) 
A. Grigsby (EB) 
G. Autry (BR) 
S. Umfleet (BR) 
C. Thompson (BR) 

E. Pomar (CH) 
G. Autry (BR) 
S. Umfleet (BR) 
R. Dependahl (BR) 
G. Shetley (BR) 
D. Frain (EB) 

~~ 

G. Schaefer (CH) 
G. Autry (BR) 
G. Shetley (BR) 
S. Umfleet (BR) 
D. Frain (EB) 



WELUBORING 

MW-205 
Installation: 
05-03-91 to 05-06-91 

Development : 

Well TD = 60’ bgs 

05-09-91 TO 05-1 1-91 

MW-206 
Installation: 

Development: 

Well TD = 45’ bas 

05-09-91 to 05-1 0-91 

05-1 1-91 TO 05-1 4-91 

CME 75;73/4 OD 
Hollow Stem Auger 
60’ 

CME 75;73/4 OD 
Hollow Stem Auger 
45’ 

(CH)= CH2M HILL 
(EB)= TMA EBERLINE 
(BR)= BROTCKE ENGINEERING 
(TD)= TOTAL DEPTH 
(bgs)= BELOW GROUND SURFACE 

ON-SITE PERSONNEL 

D. Geshwender (CH) 
D. Morrison (EB) 
G Autry (BR) 
G. Shetley (BR) 
S. Umfleet (BR) 

G. Schaefer (CH) 
D. Morrison (EB) 
J. Lutman (BR) 
S.  Umfleet (BR) 
R. Dependahl (BR) 



Attachment 5-B 
SOIL BORING LOGS 



I PROJECT NUMBER 1 BORING NUMBER I 
OR030888. B 1 MW191 SHEET 1 OF 

I I 

PGDP Phase II Site Investigation LOCATION Augden Landing Road & Little Bayou 
PROXCT 
ELEVATm 357.12 NGVD DRILLING CONTRACTOR Brotcke Enaineerina Co., Inc. 

DRlulNG METHOD AND CME 75 Rig; 7-3/4" OD CME Augers; 3"xV CME Stainless Steel Sampler 
WATER LEVEL AND DATE 

I 1 

i HNu = 0 ppm 
Rad = 26 cpm 

Gravel in catcher 

SAMPLE 

W 3  

HNu = 0 ppm 
Rad = 25 cpm 

Gravel in catcher 

q 
1UOUS 

'OORLY GRADED SAND (SP), grayish 
)range (10 YR 2/4), wet, sa-nd grades 
:?om coarse to very coarse with 30% 
gravel - 

- 
- 

POORLY GRADED SAND (SP), same as 
above except greater percent of gravel 

- 
- 
- 

' Con- 
nuous 

- 

.:..-*;...? 
:<-;;:;.:: 

-%;<:*:<: ..*......{:.:; .**.-:: 

--.::*.. :*.. .: 

8*:...:.'..*:: 

:;.$;::.:; 
,;;;:.:<: 
([<;<:.:<. 

,.$.;<:.;. 

v::: :.:... :.:: 
-.;:::*.:, ..* 

'.::..;:;;; ,.;::.::... : 

:::. .*: .:: 

8,. .:. .::. 

. . . e -  '.. . .. .-.:. 
::..:::'::: ::<.;: >,::: 

-8:.:...;<...-: 

::.:. .::: . . .... . 

... .::.:. ;:...:.:; 
.e: :: . 
. .. . .:.. 

FTANDARD 
.NETRATION 

TEST 
RESULTS 

6-S-6. 
(N) 

N/A 

N/A 

SOIL DESCRIPTION 

1 to 50' not logged. See MW192 log 
or this information. 

COMMENTS I 
DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 
INSTRUMENTATION 



PROJECT NUMBER 
OR030888. B1 

0- 

5'Con- 2.6 
tinuous 

5'Con- 4.0 
tinuous 

5'Con- 5.0 
tinuous 

5'Con- 5.0 
tinuous 

5'Con- 5.0 
tinuous 

5'Con- 5.0 
tinuous 

BORING NUMBER 

MW192 SHEET 1 OF 2 

STANDARD 
'ENETR ATIOE 

TEST 
RESULTS 

6'-6'-6" 
(N) 

SOIL BORING LOG . 

N/A 

NIA 

NIA 

N/A 

N/A 

N/A 

I SOIL DESCRIPTION 

s P z3 
SOIL NAME, COLOR, MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY SOIL 

SYMBOL 
STRUCTURE, MINERALOGY, USCS GROUP 

as above except pale yellowish brown 
(10 YR 6/8), and moist 

CLAYEY SAND (SC), pale yellowish 
brown (10 YR 6/2), with mottling, trace 
gravel, moist, sand - medium to fine 
grained 

SANDY LEAN CLAY (CL), moderate 
reddish brown (1 0 R 4/6), moist to 
slightly wet, some mottling 

LEAN CLAY (CL), light gray (N7), 
some mottling, moist 

COMMENTS 

DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 
INSTRUMENTATION 

LEAN CLAY (CL), dark yellowish 
brown, moist 

gray (N5), sand fine grained, wet 

- 
- 

LEAN CLAY WEAND (CL), pale yellowish 
brown (10 YR 6/2) with mottling, moist I -  

- 
- 



PROJECT NUMBER 
OR030888. B 1 

I I 

PGDP Phase II Site Investigation LocATloN Little Bayou Creek and Aogden Landing Rd. 

ELEVATION 356.90 NGVD DRILLING CONTRACTOR Brotcke Enqineerinrr Co., Inc. 
. u  I - -  

DRILLING METHOO AND EQUIPMENT CMF 75 7 314" OD c m  3 x5 CMF S t w e r  
LOGGER D. Geshwender 

I I 1 

BORING NUMBER 

MW192 SHEET OF * 

STANDARD 
ENETRATIOI 

TEST 
RESULTS 

6.e-r 
(N) 

SOIL DESCRIPTION 

SOIL NAME, COLOR MOISTURE CONTENT. 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY. USCS GROUP 
SYMBOL 

N/A 

COMMENTS 

Y DEPTH OFCASING, 
A DRILLING RATE, 

i& INSTRUMENTATION 

DRILLING FLUID LOSS. 
TESTS AND 

m-l 

N/A 

N/A 

N/A 



PROJECT NUMBER BORING NUMBER 

OR030888. B 1 MW193 SHEET 1 OF 3 

SOIL BORING LOG - 

STANDARD 
lENETRATIOI 

TEST 
RESULTS 

6-C-6' 
(N) 

NIA 

N/A 

N/A 

NIA 

N/A 

N/A 

Pocket Pen (P.P.) = 1.0-74.5 

P.P. = 1 .O-3.25+ kg/cm2 

LEAN CLAY (CL), same as above, 
except with heavy oxidation 2-25, 

P.P. = 1.25-74.5 kg/cm2 

- 

LEAN CLAY (CL), same as above, 
except with trace ferrous nodules 

LEAN CLAY WSAND ICL), 3.5-4.s, trace gravel and 
ferrous nodules, same color, very stiff, moist 

LEAN CLAY ICL), mottled light brown (5 YR 5/6),modA 
brown (5 YR 4/4) and light brown gray (5 YR 6/2), - 
moist, stiff to very stiff, crumbles 

(5 YR 5/6), moist, trace chert gravel, 4" below 

SANDY LEAN CLAY (CL), mottled light - - 
brown (5 YR 5/6), moderate yellowish - 
brown (10 YR 94)  and light brown gray 
(5 YR 6/1), moist, stiff, crumbles, trace 
chert gravel, some oxidation staining 

- 
- 

- 

I- 

P.P. = 1.25-1.75 kg/cm2 - 
- 
- 



PROJECT NUMBER 
OR030888. B1 

~ 

PROJECT 
ELEVATm 366.24 NGVD 

D R I L L l ~  METm AND 

PGDP Phase II Site Investigation LOCATION Ogden Lndg. Road at Power Lines 
DRILLING CONTRACTOR Brotcke Enaineerina CO., Inc. 

CME 75 Ria; 7-3/4" OD CME Auqers; 3"x5 CME Stainless Steel Sampler 
WATER LEVEL AND DATE N/A START 4/26/91 09:03FlNlSH 4/26/91 12123 LOGGER C. Webb 

BORING NUMBER 

MW193 SHEET 2 OF 3 

STANDARD 
PENETRATIOI 

TEST 
RESULTS 

6-e-6- 
(N) 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

COMMENTS 

DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS. 
TESTS AND 58 INSTRUMENTATION mA 

SOIL DESCRIPTION 

SOIL NAME COLOR MOISTURE CONTENT, 
RELATIVE IkNSlTV OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

P 
~ -- ~ 

SANDY LEAN CLAY (CL), mottled pale yellowish 
brown (10 YR 6/2) and light brown (5 YR Y6) and 
light brown gray (5 YR Ul), moist, stiff to very stiff, 
crumbles 

HNu = 0 pprn 

P.P. = 1 .O-3.25 ka/cm2 

- Rad = 44 cpm - 
7 .- 

CLAYEY SAND (SC), mottled pale yellowish brown, 
light brown, and medium gray, moist, trace gravel and 09:40 Stopped drilling to 
oxidized streaking decon samplers 

SANDY LEAN CLAY (CL), mottled pale yellowish 

very stiff to hard 

LEAN CLAY WEAND (CL), moderate brown 

10:49 Resumed drilling 

Rad = 40 cpm 
P.P. = 2.0->4.5 kg/cm2 

brown (10 YR 6M) and light brown (5 YR 36)  and 
light brownish gray (5 YR Wl), wet from D.N. H F ,  

- - 
HNu = 0 ppm - 

(5 YR 4/4), moist, very stiff, trace subrounded 
chert gravel - 

LEAN CLAY W/ SAND (CY, same as 
above, except mottled with light brown 
oxidation streaking and trace nodules 

HNu = 0 ppm 
Rad = 48 cpm 
P.P. = 2.25-4.0 kg/cm2 

- 
- 
- 
- 

LEAN CLAY W/ SAND (CL), same as 
above, darker oxidation 

HNu = 0 ppm 
Rad = 36 cpm 
P.P. = 1.75~4.5  kg/cm2 - 

- 

LEAN CLAY WEAND (CL), mottled moderate brown 
(5 YR 4 4 )  and light gray (N7), light gray is plastic, - 
moist, very stiff to hard 

POORLY GRADED SAND W/ CLAY 
fSP-SC), mottled moderate brown 
(5 YR 4/4), and light gray (N7), gray is 
plastic, top 2' wet, rest is moist, very stiff , 
micaceous fine sand. 

POORLY GRADED SAND W/ CLAY 
jSP-SC), same as above, no gray - 

- 
POORLY GRADED SAND W/CLAY 
(SP-SC), micaceous, light gray (N7), wet, - 

1 

.r.:r.:r.: . . . .  stiff . . .  



PROJECT NUMBER BORING NUMBER 

OR030888. B 1 MW193 SHEET 3 OF 3 

SOIL BORING LOG 
a 

I SAMPLE % 

N/A 

- 

N/A 

0 

$6 
kJs 
i=1 - 

i' Con 
inuou: 

- 

i' Con 
inuou! 

...:..... . . .  . . .  ?- ?- ?- 7-? 
~WELL GRADED SAND w/GRAvEL (sw), mitaceouh<$@ 

sand, subrounded chert gravel, moderate yellowish -).:..--;.;;: 
brown (10 YR 5/4), wet, gravel content in cr. w/depth ::<{.-.;;.: .. . . . .:: 
WELL GRADED GRAVEL (GW), wet, subrounded to ::{:*? 
subangular chert 

RAVEL (GW), same as 'Y.-=.- WELL GRADED G 

... ... ... ... 
-I-...-. 
_. m. -.e. 

.-... =. 

.....-. -...*.-. ... ... above 
2.5 

- 

SOIL DESCRIPTION STANDARD 
JENETRATION 

TEST 

, . . . . . . -.....*. 
.....a. 

...a.m. ...-... 
... ... ... ... ... 

.m.-.*. 

0 SOIL NAME, COLOR, MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 

2 
RES'GLTS 

SYMBOL E3 6.-6.-6. 11/11 fnd 

I End of Boring I 

DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 
INSTRUMENTATION 

HNu = 0 ppm 
Rad = 47 cpm 
P.P. = N/A 

HNu = 0 ppm 
Rad = 35 cprn 
P.P. = N/A 

Sand heave on top 1' of 
recovered sample 

Stopped drilling 11 :45 



PROJECT NUMBER 
OR030888. B 1 

I SOIL BORING LOG I 

BORING NUMBER 

MW194 SHEET OF 

PROJECT 
ELEVATDN 353.76 NGVD DRILLING CONTRACTOR Brotcke Enaineerinq Co.. Inc. 
DRILLING METHOD AND EQUIPMENT CME 75 Ria: 7-314" OD c MF Auae r .  s. 3 n x5 CMF Sta inless Stee I Samp ler 
WATER LEVEL AND DATE N/A START 3/7/91 08100 FINISH 3/8/91 13:15 LOGGER J. Anderson 

PGDP Phase II Site Investigation Off Site, Next to Big Bayou Creek 

~ 

SOIL DESCRIPTION STANDARD 
'ENETRATIOF 

TEST 
RESULTS 

6*-6..g- 
(N) 

I COMMENTS 

N/A 

3 
58 

SOIL NAME, COLOR MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE. MINERALOGY, USCS GROUP 
SYMBOL 

P 
cn-r 

N/A 

DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 
INSTRUMENTATION 

N/A 

N/A 

N/A 

N/A 

GRAVEL DRILL PAD 

LEAN CLAY CCL), dark yellow brown 
(10 YR 4/2), moist; organics and trace 

Bkgd: OVA=O ppm; Rad=40 cprn 

OVA = 0 ppm 
Rad = 50 cpm 

kg/cm2 - 

OVA = 0 ppm 
Rad = 35 cpm 

- - 
- 

gravel present in top 2' - Pocket Pen (P.P.) = 0.4-1.7 - 

- 
- P.P. = 2.54.5+ kg/cm2 - 

- 
- 

SILT W/SAND (ML), grayish orange 
(10 YR 7/4), moist 

POORLY GRADED SAND (SP), 
moderate yellow brown (1 0 Y R 5/4), 
wet 
/-? - ?- ?- ?- ? 

moderate yellow brown (10 YR 5/4), 
WELL GRADED GRAVEL WEAND (G 

... 
...I.. 

subrounded gravel 

FAT CLAY CH), dark yellow orange 
(10 YR 6/6), moist; grades leaner and 
mottles moderately red brown 
(10 R 4/6) past 1 9  

FAT CLAY (CH), moderate red brown 
(10 R 4/6), mottling light gray (N7), 
moist 

OVA = 0 ppm 
Rad = 35 cpm 
P.P. = N/A (gravel) 

1 



PROJECT NUMBER 
OR030888.81 

STANDARD 
'ENETRATION 

TEST 
RESULTS 

6*## 
(N) 

BORING NUMBER 

MW194 SHEET 2 OF 2 

N/A 

SOIL NAME, COLOR, MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

N/A 

0 - 
i 
58 
u),1 

N/A 

light brown (5 YR 5/6), wet 

-, 
- 

WELL GRADED GRAVEL WEAND (GW), 

N/A 

. .. - . . .  ... ... ... ... ... ... 

...a.m. ....... ....... .. . . . .=...*. ....... ..... =. 

- 
- 

-::{:{:{ OVA = 0 ppm - ... N/A 

...... 

by.=*.= ....... ... -....... same as above 

... 
- ... ... ... ... ... 

.-.-... ....... ...... ...... 
..a.m. 

I SOIL DESCRlPllON 

- 

Rad = 40 cpm - 
P.P. = N/A (gravel) 

- 
- 

COMMENTS I 
DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 
INSTRUMENTATION 



PROJECT NUMBER 
OR030888.81 

STANDARD 
ENETRATDN 

TEST 
RESULTS 

6-e-6" 
(N) 

BORING NUMBER 

MW195 SHEET 1 OF 

N/A 

N/A WATER LEVEL AND DATE 

N/A 

. n  I 

STAm 3/12/91 FINISH 311 Ug1 LOGGER E. Pomar 
I 

N/A 

~~ 

SOIL DESCRIPTION 

N/A 

I COMMENTS I 



PROJECT NUMBER 

OR030888. B 1 

I I SOIL BORING LOG 

PROJECT PGDP Phase II Site Investigation LocATloN South of Plant on Hobbs Road 
E E V A T m  387.47 NGVD DRILLING CONTRACTOR Brotcke Enaineerinq Co., Inc. 

-eel SamDler DRILLING METHOD AND EQUIPMENT CME 75 Ria: 7-3/4" OD CME &QHS. 3 X5 CMF st 
WATER LEVEL AND DATE N/A STAM 3/18/91 FINISH 3l18/g1 

. w  1 

LOGGER G. Schaefer 

BORING NUMBER 

MW196 SHEET 1 OF 1 

STANDARD 
'ENETRATIOE 

TEST 
RESULTS 

6"-6.-6. 
(N) 

SOIL DESCRIPTION 

N/A 

I COMMENTS 

N/A 

s s 
SOIL NAME, COLOR. MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL E3 

U3-J 

N/A 

DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS. 
TESTS AND 
INSTRUMENTATION 

N/A 

LEAN CLAY (CL), same as above except 
for light brown (5 YR 5/6), streaking 

- 
- 

- 
- 

LEAN CLAY (CL), same as above except 
for medium light gray (N6), streaks 

- 
- 

N/A 

........ { HNu = 0 ppm 
.... Rad = 35 cpm z:.j::;.<....: 

;;<.:.$:::.: 

::.j.;..:.:<:.:. 
, :.::.;; :.y::.. 
.:.: :.........:...:.:. 
... ..$......-:..: 

'.{;.;....;:...:.. ... :.I P.P. = 1.25 kg/cm2 

.... :.*.I:.: 
-.. ... .::.: 
:: ....... 

: .: .*: 

-.s:.$i<::. HNU = 0 ppm ..................... 
-I... z:....:....: ..... Rad = 40 cpm 
-::..:;.:;.: P.P. = 1.25 kg/cm2 ::":::.: 

:::*....*: 0.:::: 

::: ....>.:.....: -.;<....::':::::. :.:-....:.-.........~ 

.... : ..... 

..;<:;.:(:.:. . .... 

N/A 

Rad = 30 cpm 

LEAN CLAY (CL), dusky brown (5 YR 2/2), 
moist, firm, small percent of gravel in top 
1 5' . .- v/A Pocket Pen (P.P.) = 1 .O 

HNu = 0 ppm 
Rad = 35 cpm 
P.P. = N/A 

WELL GRADED GRAVEL W/SAND (GW), 
moderate brown (5 YR 3/4), wet, rounded 
chert, medium to fine grained sand 

Sampler wet out of hole lzzl 
HNu = 0 ppm 
Rad = 30 cpm 
P.P. = 4.25 kg/cm2 (verlic 
P.P. approx. 0.25 kg/cm2 

, 

LEAN CLAY (CL), grayish black (N2), 
moist, hard in vertical direction and 
fractures (blocky) in horizontal direction, 
some lamination of silt and sand, fissured 

End of Boring 



PROJECT NUMBER 

OR030888. B 1 

I 1 

PGDP Phase I I  Site Investigation LOCATION M6 Road North of Plant 
E E v A T m  366.54 NGVD DRI~ING aRACTmBrotcke Enaineerina Co., Inc. 

I . I  4 

DRILLING METHOD AND EQUIPMENT I;bnF 55 
WATER LEVEL AND DATE N/A START 3/19/91 FINISH 3I2llg1 

7-314 on c w r s .  3 x5 CMF Steel Sampler 
LOGGER D. Geshwender 

BORING NUMBER 

MW197 SHEET 1 OF 3 

SOlL DESCRIPTION COMMENTS I I 
SOIL NAME, COLOR, MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY. USCS GROUP 
SYMBOL & 

C n d  

DEPTH OFCASING, 
DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 
INSTRUMENTATKIN 

Bkgd: HNu10 pprn; Rad=30 cpm LEAN CLAY (CL), medium gray (N5), moist, 
verv stiff - 

v/A Rad = 30 cpm 

LEAN CLAY (CLL medium dark gray (N4) 
with mottling, moist, very stiff 

LEAN CLAY (CLL same as above except 
medium gray (N5) to pale yellowish brown 
(10 YR 4/6) 

Top 2.5 : SANDY LEAN CLAY (CL), 
medium gray (N5), moist, very stiff, sand - 
fine grained 
Bot. 1 .O' : CLAYEY SAND (SC), moderate 
reddish orange (10 R 6/6), moist, firm, 
sand - medium grained 

Top 1 .O' : CLAYEY SAND (SC), same as HNu = 0 ppm 
above Rad = 30 cpm 

P.P. = .25 kg/cm2 (top) 
Bot. 4.0' : LEAN CLAY (CL), pale yellowish P.P. = 4.0 kg/cm2 (bottom) 
brown (10 YR 4/6), moist, very stiff 



PROJECT NUMBER BORING NUMBER 

OR030888. B 1 MW197 SHEET 2 OF 3 

SOIL BORING LOG . 

o &  
(w r 
EZ 8- 
c2 :L 

zu 

?Con- 5.0 
tinuous 

5'Con- 5.0 
tinuous 

5'Con- 3.5 
tinuous 

5'Con- 5.0 
tinuous 

5'Con- 2.8 
tinuous 

!'Con- 1.4 
tlnuous 

SOIL DESCRIPTION 
STANDARD 

'ENETR AT10 
TEST 

RESULTS 

6"8'-6. 
(N) 

COMMENTS 

N/A 

SOIL NAME, COLOR, MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

N/A 

0 DEPTH OF CASING, 

59 INSTRUMENTATION 

DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 

A P 
In4 

N/A 

N/A 

N/A 

N/A 

I 

LEAN CLAY (CL) with trace sand, medium 
gray (N5) with mottling, moist, very stiff, 
sand is fine grained P.P. = 4.0 kg/cm2 - 

HNu = 0 ppm 
Rad = 30 cpm - - 

- 
- 

- 
Top 2.0 : LEAN CLAY (CL), same as above 

Bot. 3.0 : LF,AN CL AY (CL!, yellowish - 
brown with mottling, moist, hard, with large 
(.15') gravel 

HNu = 0 ppm 
Rad = 30 cpm 
P.P. = 4.0 kg/cm2 (top) 
P.P. = >4.5 kg/cm2 (bottom) 

- - 
- 

- - 

LEAN CLAY (CLL moderate reddish brown 
(10 R 4/6), with mottling, moist, hard Rad = 30 cpm 

P.P. = >4.5 kg/cm2 

LEAN CLAY (CL), moderate reddish h 



PROJECT NUMBER 
OR030888.Bl 

I I 

PGDP Phase I I  Site Investigation LOCATION M6 Road North of Plant 
PROJECT 
ELEVATm 366.54 NGVD D R ~ ~ ~ N G  CONTRACTOR Brotcke Enaineerina Co.. Inc. 

METm AND EWIPMENT CME 55 Rip; 7-314" OD CME AuQers; 3"x5' CME Stainless Steel Sampler 
LOGGER D. Geshwender WATER LEVEL AND DATE N/A STAM 3/19/91 FINISH 3/21/91 

BORING NUMBER 

MW197 SHEET 3 OF 

i' Con- 

- 

STANDARD SOIL DESCRIPTION BENETRATION 

RESULTS SOIL NAME, COLOR, MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 

6-6.6. STRUCTURE, MINERALOGY, USCS GROUP 



PROJECT NUMBER 

OR030888. B 1 

I SOIL BORING LOG I 

BORING NUMBER 

MW199 SHEET 1 OF 3 

I 1 
PROJECT 

E L E V A T ~  353.87 NGVD DRILLING CONTRACTOR Brotcke Enaineerina Co., Inc. 

PGDP Phase II Site Investigation LocATloN North of Ogden Landing Road 

DRILLING METHOD AND EWIPMENT-CMF 75 RQ, 7-314" On CMF Augers. . I  3 x5 e CMF -el Sarrlpler 

WATER LEVEL AND DATE N/A STAM 5/8/91 FINISH 5/8/91 LOGGER G.Schaefer 

SOIL DESCRIPTION STANDARD 
BENETRATIO 

TEST 
RESULTS 

6.e-6- 
(N) 

COMMENTS 

N/A 

N/A 

N/A 

NIA 

N/A 

N/A 

black (Nl) streaking, moist, very stiff 

LEAN CLAY (CL), same as above 

2.6' : LEAN CLAY (CL), same as above 

moderate red (5 R 5/4), moist 

0.9' : LEAN CLAY WISAND (CL), light 
brown (5 YR 6/4), moist, very stiff 

1.9' : LEAN CLAY W/SAND (CL), same 
as above 

3.1' : LEAN CLAY (CL), light brown 
(5 YR 6/4), moist, very stiff, light gray 
(N7) mottling 

1.5' : WELL SOR TED SAND (S WI 1 



PROJECT NUMBER 
OR030888. B1 

I SOIL BORING LOG I 
PROJECT 
ELEVATION 353.87 NGVD DRILLING CONTWCTOR Brotcke Enaineerinn Co.. Inc. 

WATER LEVEL AND DATE N/A STAM 5/8/91 FINISH 518191 LOGGER G.Schaefer 

PGDP Phase II Site Investigation LmAT,oN North of Ogden Landing Road 

~~m AND EOUIPMENT CME 75 Rig; 7-314" OD CME Augers; 3"x5' CME Stainless Steel Sampler 

BORING NUMBER 

MW199 SHEET 2 OF 3 

SOIL DESCRIPTION COMMENTS STANDARD 
'ENETRATIOI 

TEST 
RESULTS 

6=.6"-6' 
(N) 

SOIL NAME, COLOR, MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY. USCS GROUP 
SYMBOL 

NIA 

DEPTH OFCASING. 3 DRILLING RATE, 
DRILLING FLUID LOSS. 
TESTS AND F8 INSTRUMENTATION rn-l 

P 

N/A 

?Con- 
tinuous 

5'Con- 
:inuous 

5'Con- 
:inuous 

?Con- 
:inuous 

?Con- 
inuous 

5'Con- 
tinuous 

N/A 

K- 

3.5 

4.3 

1.7 

3.9 

4.7 

1.4 

NIA 

- 
- 
- 
- 

35 
- 
- 
- 
- 

40 
- 
- 
- 
- 

45 
- 
- 
- 
- 

50 
- 
- 
- 

55 

- 
- 
- 
- 

60 

NIA 

30-35 

35-40 

40-45 

45-50 

50-55 

55-60 N/A 

WELL SORTED SAND (SW), moderate red 
(5 R 5/4), wet, medium to fine grained 

- 
- 

- 

....... 
.:..:...:...a HNu = 0 ppm 

sand-<<<%$: Rad = 30 cpm 

'e.: .*.;....-:. e: 

::$.......<::.: 
'e. :.*..:..*:$.- 
-.::**.. : .* : .: 
,.::*.:?.;<.: ..:...-. ::a. .:... 
.. :;.::;.::...-.: -.:.....:.* :.: . ::. ..... :.*-. 
'e. :<;. :::: 

-,.*: . ..-::*- . .:::...:. .::.*. 
.;j+..:;:.... 
:::..;;.;;.; ::.: 

........ 
-'..j.:.i.:::::: P.P. = N/A 

. .  

.. 

.. :> ... 
...... ..*: 
, : . = : . : . 
.-.a.m. -.-.-... Sampler wet out ... ... *.-...- 

rounded chert gravel m.*.-. ...... 1::; 

HNu = 0 ppm 
Rad = 30 cpm 
P.P. = 2.5 kg/cm2-(top) 

1 .O' : LEAN CLAY (CL), moderate brown 
(5 YR 4/4), moist, very stiff 

HNu = 0 ppm 

P.P. = >4.5 kg/cm2 (bottom) 2.5' : LEAN CLAY (CLL light brown 
(5 YR W4) with moderate red (5 R 4/6) 
and light gray (N7) mottling, moist hard 

LEAN CLAY (CLZ same as above. Small 
percent of gravel at bottom 0.4'; well 
rounded chert 

HNu = 0 ppm 
Rad = 30 cpm 
P.P. = >4.5 kg/cm2 

- 

....... 
WELL SORTED SAND W/GRAVEL (SW), ; .:$.;<:.:<:.:. ::..-..:.** HNu = 0 ppm 
light brown (5 YR 5/6) with moderate red -,:.2..?-:.3::.:' Rad = 30 cpm 
(5 R 416) mottling, moist, subangular .:..: P.P. -- N/A 

.... 
.::: .;;:;;:.: 

gravel, medium to coarse grained sand 

Sampler wet out 

Top 3' : WELL SORTED SAND (SW), 
same as above 

HNu = 0 ppm 
Rad = 30 cpm 
P.P. = N/A 

hole of 

- 

of hole 

... 
WELL GRADED GRAVEL (GW), same as j:::::;I Rad = 30cpm 
above :.-.. murn P.P. = NIA ....... 

... ... ... ....... ....... 



PROJECT NUMBER BORING NUMBER 

OR030888. B 1 MW199 SHEET 3 OF 3 

SOIL BORING LOG 
L 

SOIL DESCRIPTION STANDARD 
'ENETR ATION 

TEST 

SOIL NAME, COLOR, MOISTURE CONTENT, 
RELATIVE DENSrrY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

NIA No Recovery 

2 

End of Boring 

COMMENTS I 
DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS. 
TESTS AND 
INSTRUMENTATION 

HNu = 0 ppm 
Rad = 30 cpm 
P.P. = NIA 

1 No recovery due to large 
gravel 



PROJECT NUMBER 
OR030888.0 1 

PROJECT PGDP Phase II Site Investigation LOCATON Boldv School Road 
E L E V A T ~  377.11 NGVD DRILLING CONTRACTOR Brotcke Enaineerina Co., Inc. 
DRILLING METHOO AND EQUIPMENT 1;MF 75 U,V 7-314" OD CMF A u a e r r 3 t z I e r  . n  1 

N/A S T A ~  3/19/91 FINISH 3/20/g1 LOGGER E. Pomar WATER LEVEL AND DATE 

BORING NUMBER 

M W200 SHEET OF 

COMMENTS SOIL DESCRlPTlON 1 
DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 
INSTRUMENTATION 

SOIL NAME, COLOR, MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

GRAVEL PAD- 
TOPSOIL 9" 
LEAN CLAY (CL), light olive gray (5 YF 
with some dark yellowish orange (10 Y 

Bkgd: HNu=O ppm; Rads23 cpm 

6/61 

LEAN CLAY (CL), same as above with 
organic material present on bottom 2' 

LEAN CLAY (CL), same as above 
bottom 2' 

HNu = 0 ppm 
Rad = 38 cpm 
P.P. = 2.0-3.25 kg/cm2 

LEAN CLAY (CL), same as above 

LEAN CLAY (CL), same as above 

LEAN CLAY (CL), same as above, bottom 
2' 3" contain some silt 

Isolation casina set 30' 1 



PROJECT NUMBER 
OR030888. B 1 

I 1 

PROJECT PGDP Phase II Site Investigation LOCATION Boldry School Road 
ELEVATm 377.11 NGVD DRILLING CONTRACTOR Brotcke Enqineerinq CO., Inc. 
DR~UING W T H ~   AN^ EWIPMENT CME 75 Ria; 7-3/4" OD CME Auqers; 3"x5' CME Stainless Steel Sampler 

LOGGER E. Pomar WATER LEVEL AND DATE N/A START 3/19/91 FINISH 3/20/91 

BORING NUMBER 

MW200 SHEET 2 OF 

SOIL DESCRIPTION STANDARD 
'ENETR ATDN 

TEST 
RESULTS 

6.-6.-6. 
(N) 

COMMENTS 

N/A 

0 
3 

58 
SOIL NAME, COLOR, MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

si 
UlA 

N/A 

DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 
INSTRUMENTATION 

N/A 

tt 

- 
- 
- 
- 

35 
- 
- 
- 
- 

40 
- 
- 
- 
- 

45 
- 
- 
- 

- 
50 

- 
- 
- 
- 

55 

- 

- 
- 
- 

60 

N/A 

30-35 ?Con- 3.6 
tinuous 

35-40 5'Con- 3.8 
tinuous 

40-45 5'Con- 5.0 
tinuous 

45-50 5' Con- 4.9 
tinuous 

50-55 5' Con- 5.1 
tinuous 

55-60 5'Con- 5.0 
tinuous 

N/A 

N/A 

Top 1.8' : LEAN CLAY (CLL light olive gray 
(5 GY 6/1) with some dark yellowish orang5 
(10 YR 6/6) 

SANDY LEAN CLAY (CY, grayish orange - 
(1 0 YR 7/4) with light olive gray on bottom - 
1.7' 

SANDY LEAN CLAY (CL), same as above 
for top 2.2' 

WELL GRADED SAND W/CLAY (SC), ligtt 
brown (5 YR 5/6), moist for bottom 1.4, last 
2" LEAN CLAY ICLZ - 

SANDY LEAN CLAY (CL), light olive 
gray (5 GY 6/1) with dark yellowish 
orange (1 0 Y R 616) 

- 

- 
Resumed drilling 3/20/91 - 

- 

- 

- 

- 
- 

SANDY LEAN CLAY (CL), same as above - 
for top 3.2, some dark spots 

WELL GRADED SAND W/CLAY (SC), light- 
brown (5 YR 5/6), moist 

- 

- 
- 

Top 4' : WELL GRADED SAND W/ GRAVEL (SC), 
same as above, Next 3' : LEAN CLAY (CL), light 
brown (5 YR 5'6) w/organic material, FAT CLAY (CH), 

- 

fat medium light gray (N6) for 1.6' P.P. = 2.25-4.25 kg/cm2 
- 

LEAN CLAY (CL), light olive gray wllight brown 
(5 YR 5/6) some pebbles as large as 1' found 
randomly and sparsely on this bottom 2.9 

Top 4' : LEAN CLAY (CL), same as above, 
but no pebbles 

Bot. 1' : LEAN CLAY (CL), light brown 
(5 YR 5/6) with presence of hard organic 
mate ria I - 

- 

- 
P.P. = 1.25-2.0 kg/cm2 - 

- - 



PROJECT NUMBER 
OR030888. B1 

~~ ~ 

PROJECT PGDP Phase II Site Investigation BOldv School Road 
E L E V A T ~  377.11 NGVD DRILLING CONTRACTOR Brotcke Enaineerina Co., Inc. 

WATER LEVEL AND DATE N/A START 3/19/91 FINISH 3I20/g1 LOGGER E. Pomar 

. "  1 * -  DRILLING MTHOO AND EQUIPMENT CME 75 Ria. 7 314" OD CMF A W 3 l e s s  Steel Sampler 

BORING NUMBER 

M W200 SHEET 3 OF 3 

STANDARD 
IENETRATIOI 

TEST 
RESULTS 

C 8 - r  
(N) 

SOIL DESCRIPTION 

N/A 

COMMENTS 

N/A 

N/A 

DEFTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS. 
TESTS AND 
INSTRUMENTATJON 

SOIL NAME, COLOR. MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

LEAN CLAY (CLI, same as above, light 
brown (5 YR 516) with presence of organic - 

LEAN CLAY (CL), light gray (N7) with light - 
brown (5 YR 6/6) with presence of dark - - 
hard organic spots, for bottom 3.1 ' 

HNu = 0 ppm 
Rad = 59 cpm 

- 
material, top 2.9 P.P. = 2.5-3.75 ks/cm2 - 

- 

Top 1.9' : LEAN CLAY (CL), same as HNu = 0 ppm 
Rad = 52 cDm 

Bot. 1.2' :hEL- 
W/SAND (GW), with pieces as large as 2.5" - 

- 
Top 6" : WELL GRADED GRAVEL 
IGW), same as above - 

4" layer presence of some L m  
(CL), light gray (N8) with gravel 

WFI I GRADER GRAVFI W/SAN.R m, for bottom 10" 
WELL GRADED GRAVEL W/SAND 
(GW), same as above 

- - 
- - 
- 

Well installed at 80' 

End of Boring 



PROJECT NUMBER BORING NUMBER 

OR030888.FS M W203 SHEET 1 OF 3 

SOIL BORING LOG 
L 

SOIL DESCRIPTION COMMENTS STANDARD 
'ENETR ATKIN 

TEST 
RESULTS 

r-r-6- 

Y DEPTH OF CASING, 

F8 INSTRUMENTATION 

DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 

SOIL NAME, COLOR, MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

$ 
v)-( 

(N) 

Backfill from concrete pad 

1.8' ORGANIC SOIL IOUOHI Bottom 4" 
LEAN CLAY (CL), light gray (N7) with dark' 
yellowish orange (10 YR 6/6) mottling, 
moist 

Bkgd: HNu-0 pprn Rad-77 cprn - 
N/A 

Pocket Pen (P.P.) = N/A - 
- 

LEAN CLAY (CL), same as above 

Top 3.1' - LEAN CLAY (CL), same as 
above, but light brownish grey (5 YR 6/1), 
CLAYEY SAND (SC) seam, light olive 
gray (5 Y 6/1), with moderate yellow brown 
(1 0 Y R 5/4), mottling, moist 

2.5 - LEAN CLAY ICL). light olive gray (5 
Y 6/1) with dark yellowish orange (10 YR 
6/6) mottling, moist 
1.5' - SANDY LEAN CLAY (CL), light olive 

W/ CLAY (SP),light olive gray (5 Y 6/1) 
with light brown (5 YR 516) 
5' - SANDY LEAN CLAY (CY, light olive 
gray (5 Y 6/1), moist 

subangular ????? pieces 
.4' - SANDY LEAN CLAY (CL),light olive 
gray (5 Y 6/1) with light brown (5 YR 516) 
mottling, some dark organic matter 
.9' - CLAYEY SAND (SC), grayish orange 
(1 0 YR 7/4) with angular gravel 
.4' - SANDY LEAN CLAY (CL). light gray (N 

1.7' - WELL GRADED SAND W/ GRAVEL 



PROJECT NUMBER 

OR030888. BI 

I I 

PGDP Phase II Site Investigation LOCATION North of the C-720 building PROJECT 
EEVATH)N 374.95 NGVD DRILLING CONTRACTOR Brotcke Enrrineerina Co.. Inc. 
DRlulNG METHOD AND 
WATER LEVEL AND DATE N/A START 4/2/91 FINISH 4/3/91 LOGGER E. Pomar 

CME 75 Ria; 7-3/4" OD CME Auaers; 3x5 '  CME Stainless Steel Sampler 

I 

BORING NUMBER 

MW203 SHEET 2 OF 

- 
n 

8 3  
c1 
zi 
- 
5' con- 
tinuous 

- 
Y con- 
.inuous 

- 
9 Con- 
inuws 

- 
5' con- 
tinuous 

5 con- 
tinuous 

- 
5' con- 
inuous 

SOlL DESCRIPTION BENETRATION 

RESULTS SOIL NAME, COLOR, MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 

3 P 
P8 rnA 

N/A 

N/A 

N/A 

-..>*-)+. 
-:.$.&. 
?.;e.:?. 

POORLY GRADED SAND W/ CLAY AND 
GRAVEL (SP-SC). grayish orange (10 YR :?.*?:?. 
7/4) with light brown (5 YR 5/6) angular -;.p..p.F. 
and subrounded gravel. Dry bottom 17' ,$$$ :$...$& moist 

- ??.;?.;?. :.r../x-r. *.$...j...j. 
L 

Top 3: POORLY GRADED SAND W/ GRAVEL 
(SP-SC), same as above - 

yellowish gray (5 YR Wl),  moist 
.2' : POORLY GRADED SAND W/ CLAY & 
GRAVEL (SP-SC), moist 
Bottom .8' : SANDY LEAN CLAY W/ GRAVEL, 
grayish orange (10 YR 7/4),mottling w/ dark 
bellow oranpe (10 YR 6/61, moist 
Top 1.2' : POORLY GRADED SAND 
ISP-SC) yellowish gray (5 Y 8/1) with dark - 
yellowish orange (10 YR 6/6) mottling, moist 
.3' : POORLY GRADED SAND (SP), same - 
as above, with small gravel - 

1.2' : POORLY GRADED SAND (SP-SC), - 
- 
- 

- 

m 2' : LEAN C i Y  (CY, yellowish gray - 
rk yellowish orange (I 0 Y 

SANDY LEAN CLAY (CL), same as above, 
only moist 

- 
- 

4.2 : SANDY LEAN CLAY (CL),same as 
N/A above, with some grayish orange pink (5 - 

YR 92) and light brown (5 YR 6/4) mottling, 
. 8  : POORLY GRADED SAND (SP), 
grayish orange (1 0 Y R 7/4), moist - 

POORLY GRADED SAND (SP), same as - 
above with gravel, very moist 

- . - - 

COMMENTS I 
DEPTH OFCASING, 
DRILLING RATE, 
DRILLING FLUID LOSS. 
TESTS AND 
INSTRUMENTATION 

3kgd: HNu=O ppm; R a d ~ 8 7  cpm 

HNu = 0 ppm 
- 

Rad = 52 cpm - 
P.P. = N/A - 
Resumed drilling 4/03/91 - 
HNu = 0 ppm 
Rad = 47 cpm 
P.P. = 1.5 kg/cm2 - 

- 

Rad = 44 cpm 
P.P. = .75 kg/cm2 

i HNu = 0 ppm 
Rad = 34 cpm 
P.P. = 2.25-2.75 kg/cm2 

HNu = 0 ppm 
Rad = 43 cpm 
P.P. = .5-2.75 kg/cm2 

1 
4Nu = 0 ppm 
Rad = 26 cpm 
P.P. = N/A 

1 



PROJECT NUMBER 

OR 030888. B I 

PGDP Phase II Site Investigation North of the C-720 building 
E ~ V A T W  374.95 NGVD DRILLING CONTRACTOR Brotcke Engineering Co., Inc. 
DRILLIN METHOD AND EWlpmNT CME 75 Rig; 7-314" OD CME Auaers; 3"x5' CME Stainless Steel Sampler 
WATER LEVEL AND DATE N/A START 4/2/91 FINISH 4/3/91 LOGGER E. Pomar 

BORING NUMBER 

MW203 SHEET 3 OF 3 

STANDARD 
'ENETRATION 

TEST 
RESULTS 

Ve-6. 
(N) 

SOIL NAME, COLOR, MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

N/A 

Y 

iii 
58 mA 

N/A 

HNu = 0 ppm 
Rad = 46 cpm - 

Driller reports gravel at + or - 
67.5' samples 
Driller reports large gravel in - 
shoe 

P.P. = N/A - 
- 

N/A 

- 
>8' : Sand Heave - 
1.5' : POORLY GRADED SAND (SP), 
dark yellowish orange (1 0 Y R 6/6) 
.6 : WELL GRADED GRAVEL W/ SAND - 
(GWO, water in sampler 

- 

- 

N/A 

N/A 

SOIL DESCRIPTION 

Top 1.3' : POORLY GRADED SAND W/ 
CLAY (SP-SC), grayish orange (10 YR 
7/4) with gravel, wet 

SANDY LEAN CLAY (CL), grayish orange 
(10 YR 714)' moist 

Top 1.8: same 
as above but yellowish gray (5 Y 811) 
1.2 : CLAYEY SAND (SC), dark yellowish 
wange (1 0 Y R 6/6) , moist 
1.3' : POORLY GRADED SAND (SP), dark 
fellowish orange (10 YR 6/6), wet 

i POORLY GRADED SAND (SPL, mottled 
with grayish orange (1 0 YR 7/4) 

Top .8': POORLY GRADED SAND (SP)> 
same as above 
Bottom 1': WELL GRADED GRAVEL W/ 
SAND (GW), subangular pieces, wet 

COMMENTS I 
DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 
INSTRUMENTATION 

HNu = 0 ppm 
Rad = 56 cpm 
P.P. = 2.5-3.25 kg/cm2 

HNu = 0 ppm 
Rad = 52 cpm 
P.P. = 1 .O-2.25 kg/cm2 

I HNu = 0 ppm 
Rad = 28 cpm 

Drill rig started to shake 

P.P. = N/A 

I HNu = 0 ppm 
Rad = 27 cpm 
P.P. = N/A 



PROJECT NUMBER 

OR030888. BI 

STANDARD 
'ENETRATDI 

TEST 
RESULTS 

C-6'-6. 
(N) 

BORING NUMBER 

MW205 SHEET 1 OF 3 

N/A 

SOIL DESCRIPTION 

N/A 

COMMENTS 

N/A 

3 SOIL NAME, COLOR, MOISTURE CONTENT. 
RELATIVE DENSITY OR CONSISTENCY SOIL 

SYMBOL 
P 
33 

STRUCTURE, MINERALOGY, USCS GROUP 

m a  

N/A 

DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS. 
TESTS AND 
INSTRUMENTATION 

N/A 

N/A 

LEAN CLAY (CL), pale yellowish 
brown (10 YR 6/2) with mottling, moist, 
hard, top 1' contains some gravel 

LEAN CLAY (CL), light brown (5 YR 
5/6), moist, some mottling, stiff 

LEAN CLAY (CL), same as above 

LEAN CLAY (CL), with some sand in 
upper 1', moderate brown (5 YR 4/4) 
with mottling, moist, hard, sand-fine 

Top 1.3'- LEAN CLAY (CL), same as 
above 
Bottom .7' - WELL GRADED SAND 
(SW), - light brown (5 YR 5/6), moist 

POORLY GRADED SAND (SP), light 
Drown (5 YR 5/6), moist, sand-medium 
grained 



PROJECT NUMBER 
OR030888.BI 

SOIL BORING LOG 

PRAIECT PGDP Phase II Site Investigation LocATloN East of C335 
ELEVATm 377.22 NGVD DRILLING CONTRACTOR Brotcke Enaineerina Co., Inc. 
DRILLING METHOD AND EWIPWNT CME 75 Ria: 7-3/4" OD CME Auaers: Tx5' CME Stainless Steel Sampler 
WATER LEVEL AND DATE N/A START 5/3/g1 FINISH 5/6/91 LOGGER D. Geshwender 

BORING NUMBER 

MW205 SHEET OF 

STANDARD 
ENETRATION 

TEST 
RESULTS 

6=-6--6= 
(N) 

SOIL DESCRIPTION 

N/A 

COMMENTS I 

N/A 

Y A 

58 
SOIL NAME, COLOR, MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

P 
CnA 

N/A 

DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS. 
TESTS AND 
INSTRUMENTATION 

N/A 

N/A 

N/A 

HNu = 0 ppm -I SANDY LEAN CLAY (CLL with trace 
gravel, light brown (5 YR 6/4), with 
mottling, moist, stiff to very stiff 

Rad = 35 cpm 
P.P. = 1.5-2.5 kg/cm2 

LEAN CLAY (CL). moderate yellowish 
brown (10 YR 5/4), moist, with trace 
organics, very stiff, very hard 

.'-x*-'.-*-' 

with mottling 
LEAN CLAY (CL), same as above excc . HNu = 0 ppm 

Rad = 35 cpm 
. . .  . . .. P.P. = 4.0->4.5 kg/cm2 

LEAN CLAY (CL), same as above 

Top 2.1' : LEAN CLAY (CLLsame as 
above 
Bottom 1.2' :,CLAYEYSAND), 
moderate reddish brown (10 R 4/6), wet, 
sand-medium grained 

No Recovery 



PROJECT NUMBER 

OR030888.81 

STANDARD 
ENETR ATDN 

TEST 
RESULTS 

BORING NUMBER 

MW205 SHEET 3 OF 

N/A 

SOIL NAME, COLOR, MOISTURE CONTENT. 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

N/A 

DEPTH OF CASING, 3 DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND E4 INSTRUMENTATION 

P 
I COMMENTS SOIL DESCRIPTION 

. . .  .. .': .... :..- -..:..;-.:.: 
I .  :::'a:: .. *. '-:: :: H Nu = 0 ppm .. : *, : -. : .: 
. . . .  

8 .  I .  .. . . .  
- . . .  SILTY GRAVEL W1 SAND (GML light --....:.::...,.: . . .  Rad = 35 cpm . . . .  .. e .  . . .  . . . .  ...... . . . .  . . . . . . .  . . . .  ...... 

::..:::: 
.. : .. : -. : '. 

Net 
-::::::.: 
-..:..:..:.: - 

- 

- 

........... 
SILTY SAND @MI, light brown (5 YR 5/6),ff$fI ........ -. it( 
wet ........... . . .  

-. - . . .  . . .  
a,: -.: e.: *. 1 

u=Oppm 
j = 35 cpm 

SAND W/ GRAVEL Bottom 0.5' - SILTY I 
(SM), light brown (5 YR 5/6), wet +$?..] . .* .. 
brown (5 YR 5/6),\ 

End of Boring 



PROJECT NUMBER 

OR030888. B I 

SAMPLE 

BORING NUMBER 

MW206 SHEET 1 OF 3 

STANDARD 
'ENETRATIOL 

TEST 
RESULTS 

6-ee 
(N) 

SOIL DESCRIPTION 

N/A 

COMMENTS 

N/A 

RELATIVE DENSITY OR CONSISTENCY SOIL 
SOIL NAME, COLOR, MOISTURE CONTENT, 

SYMBOL 
STRUCTURE, MINERALOGY, USCS G R ~ P  

N/A 

DEPTH OF CASING, 3 0 DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND Fa INSTRUMENTATION m a  

N/A 

N/A 

-. ~ 

Bkgd: HNu=O ppm; Rads30 cpm 

HNu = 0 ppm 
Rad = 30 cpm 
Pocket Pen (P.P.) = 2.75 
kg/cm2 

LEAN CLAY CCL), light brown (5 YR 6/4) 
with moderate brown (5 YR 414) streaking, 
moist, very stiff 

~~ 

HNu = 0 ppm 
Rad = 30 cpm 
P.P. = 2.25 kdcm2 

LEAN CLAY CL), moderate brown (5 YR 
314) with light gray (N7) mottling, moist, 
very stiff 



O r  - Emm - PROJECT NUMBER BORING NUMBER 

OR030888.81 MW206 SHEET 2 Of 3 

SOIL BORING LOG 

STANDARD 
IENETRATION 

TEST 
RESULTS 

6.-6‘-C 
(N) 

SOIL DESCRIPTION COMMENTS 

Y DEPTH Of CASING, 

F8 INSTRUMENTATION 

DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 

SOIL NAME, COLOR, MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

ii! 
CnA 

- 
- 
- 
- 

35 
- 
- 
- 
- 

40 
- 
- 
- 
- 

45 
- 
- 
- 
- 

50 
- 
- 
- 
- 

55 
- 
- 
- 
- 

60 

30-35 S b n -  1.6 
tinuous 

35-40 5’Con- 4.7 
tinuous 

40-45 Con- 1.8 
tinuous 

45-50 SCon- 4.0 
tinuous 

50-55 ?Con- 5.0 
tinuous 

55-60 5’Con- 5.0 
tinuous 



PROJECT NUMBER 

OR030888.81 

I J 

BORING NUMBER 

MW206 SHEET 3 OF 3 

LOCATION South o f C-631 Buildina PROJECT 

E L E V A T ~  382.95 NGVD DRILLING CONTRACTOR Brotcke Enaineerincl Co., Inc. 
DRILLING METHOD AND EQUIPMENT CME 75 Rig; 7-3/4" OD CME Augers; 3"x5' CME Stainless Steel Sampler 

PGDP Phase II Site Investigation 

SAMPLE 

Lr 0- 1"_ E1 #!z 

!'con- 3.8 
muous 

WATER LEVEL AND DATE N/A START- FINISH L LOGGER- 
'ENETRATION SOIL DESCRIPTION COMMENTS 
STANDARD 

TEST 
RESULTS 

r-r-6. 

. 
Y DEPTH OF CASING, 

DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 
INSTRUMENTATION 

a SOIL NAME, COLOR. MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY SOIL 

SYMBOL 
P 
5% 

STRUCTURE, MINERALOGY, USCS G R ~ P  

m a  
(N) 

1.1' - LEAN CLAY CL], light gray (N7), 
moist, stiff 
2.7' - WELL GRADED SAND [ S w  very 
light gray (N8), wet, fine to medium 
grained sands - 

- 
N/A 

- 
N/A WELL GRADED SANDS [SW. 

gray (N8) to light brown (5 YR 6 - 
- fine to coarse grained sands 

JGW), moderate brown (5 YR 4/4), wet, 
well rounded chert gravel, medium to 
coarse grained sands 

N/A WELL GRADED GRAVEL W/ SAND 
(GW), same as above 



PROJECT NUMBER 
OR030888.81 

I 1 

PGDP Phase II Site Investigation LOCATION North End of M-4 Road 
PROJECT 
ELEVATION 366.08 NGVD DRILLIN CONT~CTCJR Brotcke Enqineerina Co.. Inc. 

METHOD AND EWIPMENT CME 55 R i a  7-3/4” OD CME Augers; 3”xS CME Stainless Steel Sampler 
LOGGER G. Schaefer START 3/12/91 FINISH 311 2/91 N/A WATER LEVEL AND DATE 

I I I 

BORING NUMBER 

H266 SHEET 1 OF 3 

STANDARD 
ENETRATDN 

TEST 
RESULTS 

6’-6’@ 
(N) 

SOIL DESCRIPTION 

N/A 

I COMMENTS 

N/A 

SOIL NAME, COLOR, MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE. MINERALOGY, USCS GROUP 
SYMBOL 

N/A 

Y DEPTH OF CASING, 

58 INSTRUMENTATION 

DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 

ii 

N/A 

Bkgd: HNu-0 ppm; R a d 4 0  cpm 

HNu = 0 ppm 
Rad = 40 cpm 
Pocket Pen (P.P.) = N/A 

- 
- 
- 

N/A 

3RAVEL FILL MATERIAL, angular 
imestone 

1 

2/4), moist, soft 

LEAN CLAY (CL), same as above 

LEAN CLAY CCL), moderate 
brown (5 YR 3/4) with medium 
light grey (N6) streaking, moist, 
very stiff 

LEAN CLAY (CL), same as above 

LEAN CLAY (CL), moderate brown (5 YR 

- 

- 

- 
- 

- 

- 
- 

LEAN CLAY (CL),same as above except 
for moderate red streaking (5 R 514) 

- 

- 
- 



PROJECT NUMBER 

OR030888. B I 

~~ ~~ 

PROJECT PGDP Phase II Site Investigation LOCATION North End Of M-4 Road 
ELEVATm 366.08 NGVD DRILLING CONTRACTOR Brotcke Enaineerina Co., Inc. 

WATER LEVEL AND DATE N/A START 3I12/9l FINISH 3/12/91 LOGGER G. Schaefer 
MTHOO AND CME 55 Rig; 7-314" OD CME Augers; 3"~5 '  CME Stainless Steel Sampler 

BORING NUMBER 

H266 SHEET 2 OF 3 

35. 

40. 

45- 

50- 

55 - 

- 60 

STANDARD 
'ENETRATION 

TEST 
SAMPLE COMMENTS SOIL DESCRIPTION I 

3 
?8 

RESULTS SOIL NAME, COLOR MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY. SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

P 
u)A 

DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 
INSTRUMENTATION 

30-35 

30-35 

40-45 

45-50 

50-55 

55-60 

:ig:; 5.0 

SCon- 5.0 
tinuous 

5'Con- 5.0 
tinuous 

5'Con- 4.0 
tinuous 

? Con- 3.7 
tinuous 

5' Con- 3.8 
tinuous 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

LEAN CLAY (CL), moderate brown (5 YR - 
4/4) with light grey streaking (N7), moist, 
very stiff 

- 

- 
- 

LEAN CLAY (CL), same as above - 

- 
- 

LEAN CLAY (CLI. same as above 
except for soft - 

- 
- 

SANDY I FAN CI AY u m o d e r a t e  
brown (5 YR 4/4) to moderate red (5 R 
4/6), wet, stiff 

Sampler wet out of hole 

Top 0.4': WELL GRADED SAND 
[SW), moderate red (5 YR 4/4) with 
black gravel, wet 
Bottom: SANDY LEA N CLAY (CLL 
moderate brown (5 YR 4/4), wet, very 
stin 

Top 0.8': SANDY LEAN CLAY (CL), 
same as above - 
Bottom 3': WELL GRADED SAND (SW), 
moderate brown (5 YR 4/4), wet, loose, 
medium to fine sands - 

- 



PROJECT NUMBER 
OR030888. B I 

I I 

PGDP Phase II Site Investigation LocATloN North End Of M-4 Road PROJECT 
ELEVATm 366.08 NGVD DRILLING CONTRACTOR, Brotcke Enaineerina Co., Inc. 

CME 55 Rig; 7-3/4* OD CME Augers; 3"x5 CME Stainless Steel Sampler DRILLING METHOD AND EQUIPMENT 
WATER LEVEL AND DATE N/A STAN 3/12/91 FINISH 311 2/g1 LOGGER G. S c h a e f e r  

BORING NUMBER 

H266 SHEET 3 OF 

SOIL DESCRIPTION STANDARD 
ENETRATDN 

RESULTS SOIL NAME, COLOR. MOISTURE CONTENT. 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 

N/A 

N/A 

2.3: LEAN CLAY CL). moderate brown 
(5 YR 3/4), wet, very stiff 
1.2: W b Y L  
moderate red (5 YR 4/4), wet, loose, 
medium grained sand 

2.0: LEAN CLAY (CO. medium light grey 
(N6), moist,very stiff 
1.3: fl 
SAND (GW), moderate brown (5 YR 3/4), 
wet, well rounded gravel, coarse grained 
sand 

COMMENTS 

DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 
INSTRUMENTATION 

HNu = 0 ppm 
Rad = 45 cpm 
P.P. = 2.5 kg/cm2 

HNu = 0 ppm 
Rad = 40 cpm 
P.P. = 2.0 kg/cm2 

-I 

- 

HNu = 0 ppm 

P.P. = N/A - 
Rad = 40 cpm - 



PROJECT NUMBER BORING NUMBER 

OR030888.81 H267 SHEET OF - mmm - SOIL BORING LOG 
d 

SOIL DESCRlPllON STANDARD 
'ENETRATDN 

TEST 
RESULTS 

6.<< 
(N) 

N/A 

N/A 

I COMMENTS 

N/A 

SOIL NAME, COLOR, MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY SOIL 
STRUCTURE, MINERALOGY, USCS GRWP 
SYMBOL 

N/A 

DEPTH OF CASING, Y 
-I DRILLING RATE, 
0 DRILLING FLUID LOSS, m 

TESTS AND ?g INSTRUMENTATION rnA 

N/A 

KS 
c2 

5'Con- 
tinuous 

5' Con- 
tinuous 

?con- 
tinuous 

5' Con- 
tinuous 

5'Con- 
tinuous 

5'Con- 
tinuous 

N/A 

8- 
2L 

3.5 

5.0 

5.0 

5.0 

5.0 

5.0 

LEAN CLAY (CL), greenish gray (5 
GY 6/1) with dark yellowish orange (10 
YR 6/6) with dark organic (10 YR 816) 
top 1.4: LEAN CLAY (CL) light olive 
gray (5 Y 6/1) with pale yellow orange 

LEAN CLAY (CL), same as above. 
presence of dark organic spots, moist 

LEAN CLAY (CU. same as above 

Top 2' : LEAN CLAY (CL), same as above 
NexI 1' : LEAN CLAY (CL), yellowish grey 
(5 Y 8/1) with no organics 
Next 2' : LEAN CLAY WITH SAND (CL) 
yellow grey (5 Y 8/1) with dark yellonr 
orange (10YR 6/6), mast 

5.2' : LEAN CLAY (CL), same as above 
1.32' : SANDY LEAN CLAY (CL) dark 
yellow orange (1 0 Y R 6/6), moist 

3.65' : SANDY LEAN CLAY (CL), same as 
above 
1.32' : SANDY LEAN CLAY (CL), dark 
yellowish orange (10 YR 6/6) with some 
light brown (5 YR 5/6), with very fine 



PROJECT NUMBER 
SED 30888.Bl 

I I 

PGDP Phase II Site Investigation LOCATION North End of M-7 Road 
PROJECT 
ELEVATION 370.53 NGVD DRILLING CONTRACTOR Brotcke Enaineerina Co., InC. 

METHOD AND EWIPMENT CME 75 Rin; 7-3/4" OD CME Augers; 3 "~5 '  CME Stainless Steel Sampler 

I I 1 

BORING NUMBER 

H267 SHEET 2 OF 

SOIL DESCRIPTION STANDARD 
ENRR ATlON 

TEST 
RESULTS 

6.-6'-6. 
(N) 

COMMENTS 

N/A 

SOIL NAME COLOR, MOISTURE CONTENT. 
RELATIVE dENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

N/A 

Y DEPTH OF CASING, 

58 INSTRUMENTATION 

DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 

i 
fnd 

N/A 

- 
- 
- 
- 

35 
- 
- 
- 
- 

40 
- 
- 
- 
- 

45 
- 
- 
- 
- 

50 

- 
- 
- 

55 

- 
- 
- 
- 

60 

N/A 

30-35 5' Con- 5.0 
tinuous 

35-40 SCon- 5.0 
tinuous 

40-45 SCon- 5.0 
tinuous 

45-50 SCon- 5.0 
tinuous 

50-55 ?Con- 2.0 
tinuous 

55-60 5' Con- 1.5 
tinuous 

N/A 

- 

N/A 

. . .  ...... .. : .. : .. .t..J - . . . .  . . . . . . .  
........ -.. . . .  . . . . . .  . . . .  . . . . . .  . .... 

.. : .. : .. : .. 
::::::: ..:::..:: ..... : .. : .. 
. . .  - 

_. ~ 

Top 2.5' : SANDY LEAN CLAY CL), same 
as above 
1.5" : SANDY LEAN CLAY (CL). yellowish - 
gray (5 Y 8/1) with medium light gray (N6) 
and light brown (5 YR 5/6) 
Bottom 6" : SANDY LEAN CLAY (CL), 
dark yellowish orange (1 0 Y R 616) 

Top 2' : SANDY LEAN CLAY (CL), same 
as above 
SANDY LEAN CLAY (CL), yellowish gray - 
(5 Y 8/1) 

HNu = 0 ppm 
Rad = 39 cpm 
P. P. = 1 .O-3.25 kg/cm2 

- 
- 
- 
- 

HNu = 0 ppm 
Rad = 40 cpm 
P.P. = 2.5->4.5 + kg/cm2 

- 
- 
- 

i 
HNu = 0 ppm 
Rad = 30 cpm 
P.P. = 3.25->4.5 + kg/cm2 

SANDY LEAN CLAY (CL), same as 
above but very light gray (N8) with very 
crumbly SANDY LEAN CLAY (CL), light 
brown (5 YR 96) with presence of some 
hard iron oxides 

HNu = 0 ppm SANDY LEAN CLAY (CL), same as above 
with higher content of iron oxides Rad = 40 cpm - 

P.P. = 0.5-3.75 kg/cm2 - 
- 
- 

P.P. = NIA 

-I 

Poor Recovery 

dark yellowish brown (10 YR 4/2) 
Bottom 1' : SILTY SAND (SMI, dark 

spots 

SILTY SAND (SM),dark yellow orange 
Rad= 40 cpm 
n n  



PROJECT NUMBER BORING NUMBER 

OR030888.81 H267 SHEET 3 OF 

SOIL BORING LOG 
I - 

5’Con- 5.0 
tinuous 

5’Con- 3.0 
tinuous 

?Con- 2.0 
tinuous 

?Con- 1.0 
tinuous 

5’ Con. 
tinuous 

0.0 

0.6 
tinuou 

STANDARD 
ENETRATW 

TEST 
RESULTS 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

SOIL DESCRIPTION 

SOIL NAME, COLOR, WSTURE COMENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

SILTY SAND (SM), dark yellow orange 
(1 0 Y R 6/6) with no dark organic spots 

SILTY SAND ISM). same as above 

2‘ : SILTY SAND (SM), same as 
above 
6“ : GRAVEL WELL GRADED WITH 
SAND (CW), moderate yellowish 
xown (10 YR 5/4), some angular large 
:+ or - 1.5”) pieces 

2‘ : SILTY SAND (SM), same as 
above 
6“ : GRAVEL WELL GRADED WITH 
SAND (CW), moderate yellowish 
brown (10 YR 5/4), some angular large 
(+ or - 1.5”) pieces 

No recovery 

AVFl WITH S,ND 

... 
..... I 

_ _ _ ~  

COMMENTS 

DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 
INSTRUMENTATION 

HNu = 0 ppm - 
Rad = 44 cpm 
P.P. = N/A - 

HNu = 0 ppm 
Rad = 28 cpm 
P.P. = N/A 

J 

- 
- 

HNu = 0 ppm 

P.P. = N/A - 
Rad = 28 cpm - 

- 
- 

HNu = 0 ppm 
Rad = 28 cpm 
P.P. = N/A 

HNu = N/A 

P.P. = N/A 
Rad = N/A 

HNu = 0 pprn 
Rad = 32 cpm 
P.P. = N/A 



PROJECT NUMBER 

OR030888 .B I 

I SOIL BORING LOG I 

BORING NUMBER 

H267 SHEET 4 OF 

I I 

PGDP Phase II Site Investigation LOCATION North End of M-7 Road 
ELEVATION 370.53 NGVD DRILLING C O ~ R A C T ~  Brotcke Enaineerina Co., Inc. 
DRILLIN METHOO AND Ewlpwm CME 75 Rig; 7-3/4" OD CME Augers; 3"~5 '  CME Stainless Steel Sampler 
WATER LEVEL AND DATE N/A s ~ ~ ~ ~ 3 1 3 / 9 1  8 :58 FINISH 3/15/91 12 145 LOGGER E. Pomar 

SAMPLE I- & 

8- 
& 

W > 

7 

0.0 

0.0 

- 
0.0 

- 

STANDARD 
'ENETRATION 

TEST 
RESULTS 

N/A 

N/A 

N/A 

I 

SOIL DESCRIPTION 

SOIL NAME, COLOR, MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE. MINERALOGY, USCS GROUP 
SYMBOL E3 

m-l 

No recovery 

No further sampling-attempting sampler 
recovery 

COMMENTS I 
DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS. 
TESTS AND 
INSTRUMENTATION 



PROJECT NUMBER 
0~1030888. BI 

PROJECT 

ELEVATM 367.37 NGVD DRILLING CONTRACTOR Brotcke Enaineerina Co., Inc. 

WATER LEVEL AND DATE N/A STAM 3/14/91 FINISH 311 4/91 LOGGER G. Schaefer 

PGDP Phase II Site Investigation West End of Jim Allen Road 

MTHOO AND EWlpwNT CME 55 R i a  7-3/4* OD CME Augers; 3"x5' CME Stainless Steel Sampler 

BORING NUMBER 

H268 SHEET OF 

intermixed with clay 

N/A LEAN CLAY (CL), grayish orange 
(1 0 Y R 7/4) with very light gray 
(N8) streaking, dry, hard, some 
interlayering of black (Nl) CLAY. 
small ?Lo of SILT WITH CLAY 

LEAN CLAY (CL), same as above N/A 

N/A LEAN CLAY (CL), same as above 
except moist 

N/A LEAN CLAY (CL), same as above 
except for very light grey (N8) 
mottling 



FTANDARD 
:NETRATION 

TEST 
RESULTS 

6.-6"-6* 
(N) 

PROJECT NUMBER 
OR030888. B I 

BORING NUMBER 
H268 SHEET 2 OF 3 

N/A 

I 

N/A 

I 

N/A 

SOIL DESCRIPTION 

SOIL NAME, COLOR, MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

N/A 

Y 

i 
58 m-l 

N/A 

N/A 

2': WELL GRADED SAND (SW), 

1': WELL GRADED SAND WITH CLAY 
(SW), same as above 

brown (5 YR 3/4), wet, fine to medium 
grained sand, micaceous 

COMMENTS I 
DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 
INSTRUMENTATION 

iNu  = o ppm 
?ad = 40 cpm 
?P. = >4.5 kg/cm2 

2ig chatter 

iNu = 0 ppm 
3ad = 40 cpm 
D.P. = >>4.5 kg/cm2 

3ig chatter 

Rad = 40 cpm 
P.P. = 3.75 kg/cm2 

HNu = 0 ppm 
Rad = 55 cpm 
P.P. = 2.75 kg/cm2 

HNu = 0 ppm 
Rad = 40 cpm 
P.P. = 2.75 kg/cm2 

HNu = 0 ppm 
Rad = 45 cpm 
P.P. = 2.75 kg/cm2 for CL 

1 



PROJECT NUMBER BORING NUMBER 

OR030888.FS H268 SHEET 3 OF 

SOIL BORING LOG - 

STANDARD 
'ENETRATlOh 

TEST 
RESULTS 

6"-6"-6" 
(N) 

SOIL NAME, COLOR. MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

N/A 

DEPTH OF CASING, 3 DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND P13 INSTRUMENTATION 

P 
u),J 

L ... .-. .-. I 

N/A 

N/A 

NIA 

N/A 

COMMENTS SOIL DESCRIPTION 

1" diameter), chert pieces 

WELL GRADED SAND WITH GRAVEL 
(SW), same as above 

WELL GRADED SAND WITH GRAVEL 
MI same as above 

0.2':JYFI L GRADED GRAVEL (GW), 
moderate brown, (5 YR 3/41, wet 



PROJECT NUMBER 

OR030888.8 1 

I I 

PGDP Phase II Site ~ Investigation LOCATION Old Raw Water Line 
EEVATK)N 360.73 NGVD DRILLING CONTRACTOR Brotcke Enaineerinrr Co., Inc. 
DRILLING METHOD AND EOUIPMENT CME 55 Rig; 7-3/4" OD CME Augers; 3"x5 CME Stainless Steel Sampler 
WATER LEVEL AND DATE N/A STAW 3/18/91 10120 FINISH 3/18/91 15135 LOGGER E. Pomar 

I 1 COMMENTS 
SOIL DESCRIPTION I 

BORING NUMBER 

H270 SHEET 1 OF 

DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND %3 INSTRUMENTATION rnd 

SOIL NAME COLOR. MOISTURE CONTENT, 
RELATIVE dENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY. USCS GROUP 
SYMBOL 

material; crumbly, yet moist 

LEAN CLAY (CL), same as above with 
light olive gray (5 Y 6/1) coloring 

LEAN CLAY (CL), same as above 

Top 9" : LEAN CLAY (CL), same as 
above with no organics 

SANDY LE AN CI A Y (CL), light olive 
gray (5 Y 6/1), with dark yellowish 
orange (10 YR 6/6), mottling 

SANDY LEAN CLAY (CL), same as 
above 

Bottom 4" - CLAYEY SAND (SC), light 
brown (5 YR 96) 



PROJECT NUMBER BORING NUMBER 

H270 SHEET 2 OF OR030888.81 

SOIL BORING LOG 
A 

to CLAYFY 
, light brown (5 YR 5/6) with 

some organic material 

Bot. 2 : CLAYEY SAND (SC), dark 
yellowish orange (1 0 Y R 6/6) 

SANDY LEAN CLAY (CL) to CLAYEY 
SAND (SC), same as above, very wet 

Bot. 7.5" : WELL GRADED GRAVEL 
W/SAND [GW), dark yellowish orange 
(10 1/R 6/6) 



L 

PROJECT NUMBER BORING NUMBER 

ORO30888.81 H271 SHEET 1 OF 3 

SOIL BORING LOG 

STANDARD 
BENETRATIO 

TEST 
RESULTS 

b-6.G 
(N) 

~ 

NIA 

N/A 

N/A 

N/A 

N/A 

I SOIL DESCRIPTION 

Y 
-I 

1 SOIL NAME, COLOR. MOISTURE CONTEM, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY. USCS GROUP P 
SYMBOL 88 

cn-l 

COMMENTS 

DEPTH OF CASING, 
DRILLING RATE. 
DRILLING FLUID LOSS. 
TESTS AND 
INSTRUMENTATION 

lower 3.0' lower moisture content 

LEAN CLAY (CL), pale yellowish 
brown (10 YR 612) with mottling, 
dry, hard. Note: dry 
strength-medium 

LEAN CLAY (CL), same as above 

LEAN CLAY (CL), same as above 

LEAN CLAY (CL), pale yellowish brown 
(10 YR 6/2), with mottling, moist, 
very stiff 

LEAN CLAY (CL), same as above except 

4/4), with mottling, moist, hard - 

Catcher in backwards - 
- 



PROJECT NUMBER 

OR030888.FS 

SAMPLE 

bS E gs 

- 
30-35 5' Con - tinuou: 

- 
- 

35 
35-40 - tinuous 

- 
- 
- 

40 
40-45 ?'Con. - tinuous 

3 

- 
- 

45 
- 45-50 5' Con. 

tinuoua 
- 
- 
- 

50 
- 50-55 ? ' a n '  

tinuoua 
- 
- 
- 

55 
55-60 5'Con. - tinuoua 

- 
- 
- 

60 

BORING NUMBER 

H271 SHEET 2 OF 3 

STANDARD 
'ENETRATlOh 

TEST 
RESULTS 

C-r-6' 
(N) 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

LEAN CLAY (CL1, same as above 

LEAN CLAY (CL). moderate reddish 
brown (10 R 4/6), moist, very stiff 

LEAN CLAY (CL). same as above 
except trace sand in lower 3.0' 

Top 2.0' : SANDY LEAN CLAY (CL), 
moderate brown (10 YR 5/4), moist, 
very stiff, sand-medium 
Bottom 1.5' : CLAYEY SAND [SC), 
moderate reddish orange (10 R 6/6), 
wet, soft, sand - medium grained 

POORLY GRADED SAND (SP), 
moderate reddish brown (10 R 4/6), 
wet, sand - fine to medium, contained 
mica flakes 

POORLY GRADED SAND (SP), same 
as above 



PROJECT NUMBER 
OR030888.BI 

BORING NUMBER 

H271 SHEET 3 OF 

WATER LEVEL AND DATE 

STANDARD SOIL DESCRIPTION COMMENTS 
ENETRATION 

TEST 
RESULTS 

6-6-4. 

DEPTH OFCASING, 

DRILLING FLUID LOSS, 
TESTS AND 

(N) 58 u)-r INSTRUMENTATION 

SOIL NAME, COLOR, MOISTURE CONTENT, 3 DRILLING RATE, RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

8 

, ::..::..::.*. 
~ A D F ~  SAND !.v), S a m e  as s:f$$.:f:.:. . .. HNu = 0 ppm . -'.*:'.:>.::'.' Rad = 30 cpm 

-<;;::.<::; P.P. = N/A 

- 
N/A above except coarse grained :*:.....::{.:$:. 

'*. :....;.::... :.: 
- :.;.;..$<; 
'.::.!{;.$...... 
::.j.;.$:+:. 

- 
: .. 

Driller notes gravel at 61 '+; ::. .. .. . ..' 
- 

->.. - . .. gravels in catcher - 
, . . :'. .: 

I 1 End of Boring 



PROJECT NUMBER 
ORO30888.81 

SAMPLE 

BORING NUMBER 

H272 SHEET 1 OF 

STANDARD 
'ENETRATION 

TEST 
RESULTS 

SOIL DESCRlPnON 

N/A 

I COMMENTS 

N/A 

0 
i 

r8 
SOIL NAME COLOR, MOISTURE CONTENT. 

STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

P RELATIVE DENSITY OR CONSISTENCY. SOIL 

fnd 

N/A 

DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS. 
TESTS AND 
INSTRUMENTATION 

N/A 

N/A 

N/A 

.. 

Y//ABkgd: HNu=O ppm; Rad=% cpm 

HNu = 0 ppm 
Rad = 40 cprn 
Pocket Pen (P.P.) = 1.5 

LEAN CLAY CL), moderate brown (5 YR 
3/4), moist, stiff, some light gray (N7), 
streaking 

LEAN CLAY (CL), same as above except 
for brownish black (5 YR 2/1), mottling 

LEAN CLAY CLl, same as above 
except for very stiff 

LEAN CLAY (CL), light brown (5 YR 5/6) 
with light gray (N7) streaking, moist, very 
stiff 

2.5': LEAN CLAY (CLL same as 
above 

2.5': LEAN CLAY (CL), light 
bluish gray (5 B 7/1), moist, very 
stiff, small Yo of fine gained sand 
in clay 

2.0': WELL GRADED SAND 
(SW), medium light gray (N6), 
wet, fine to medium grained sand 
2.9: LEAN CLAY (CL), light 
brown (5 YR 5/6), moist, very stiff, 
small o/o of fine grained sand 

- 

- 



PROJECT NUMBER 
OR030888.81 

I 
PGDP Phase II Site Investigation LOCATION No. End of No. Extention of Harmonv Cemetarv Rd 

1 

PROJECT 
ELEVATm 361.51 NGVD DRILLING COMRACTOR Brotcke Endneering Co.. Inc. 

* -  . @ I  I 

DRILLING METHOD AND EQUIPMENT CMF 75 7 314" OD CMF A W .  3 x5 WF St-teel Sampler 

I I I 

BORING NUMBER 

SHEET 2 OF H272 

STANDARD 
ENETRATDN 

TEST 
RESULTS 

6.C-6. 
(N) 

... ... -..... -....... ,.=..*..-. 
End of boring . .. 

... 
- ... ... m...... 

.-.a.-. 

.....a. 

N/A 

Sampler wet out of hole 
- 
- 

N/A 

~ 

N/A 

NIA 

~ 

N/A 

N/A 

SOIL DESCRIPTION COMMENTS I I 

- - .  . 
vet, very kilf , pGe yellowish orange (1 0 
I R  8/6), mottling, fine grained sand 

,EAN CLAY (CL), moderate brown (5 
tR 3/4) with light gray mottling (N7), 
noist , hard 

l m C L ) +  same as above 
except slightly micaceous 

J-! same as above 
except for small % of fine grained sand 
in the clay at bottom 0.4' 

WELL GRADED SAND WITH GRAVEL 
(SW), moderate brown (5 YR 4/4), wet, 
medium to coarse grained sand, well 
rounded chert gravel 

WELL GRADED GRAVEL WITH SAND 
0, moderate brown (5 YR 4/4),wet, 
medium to coarse grained sand, well 
rounded chert gravel 



Attachment 5-C 
WELL INSTALLATION LOGS 



Ground Surface 
TOP of Riser 2. 

5 
f 

T %! 
a 
z 
d 

L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
61' 

_i - Q 0) 

z 

0 
9 
s 
W 

0, 
C .- 
3 
0 
C 
0 
i 5  
.- 
- 
- P 

tE 

- 
0) 

i 

C 
Q 

cn 8 
P 
- cn * 

WELL CONSTRUCTION DETAILS 
MWI 91 

PADUCAH GASEOUS DIFFUSION PLANT 
PADUCAH, KY 

PHASE II SITE INVESTIGATION 

J 



Top of Riser 2 

Ground Surface 

p::1 ... .. .. .. .. 
.. .. .. .. ... .. .. .. ... .. 

.. 

... : : ::::' 43' 

50' 

... ..... .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

34  
31' 

NOTE: 
6" of stainless steel 
stick-up added on 4/22/9 1 

WELL CONSTRUCTION DETAILS 
MW192 

PADUCAH GASEOUS DIFFUSION PLANT 
PADUCAH, KY 

PHASE II SITE INVESTIGATION 



Top of Riser 1.2 

f 

WELL CONSTRUCTION DETAILS 
MW193 

PADUCAH GASEOUS DIFFUSION PLANT 
PADUCAH, KY 

PHASE II SITE INVESTIGATION 



TOP I of Riser 

Ground Surface 

p ... .. 
.. . . . . . .  .. . . . .  .. 

a:.:. ... ::::' 51.9' ......... ......... ........ ......... ........ ................. ......... ........ ......... ......... 53' 

1' 

0)  
C 

2 
0 

f 
2 n 

Q 

n 
ia 
0 
0 
to 

- 
0)  
0 

C 
0 

WELL CONSTRUCTION DETAILS 
MW194 

PADUCAH GASEOUS DIFFUSION PLANT 
PADUCAH, KY 

PHASE II SITE INVESTIGATION 



Top of Riser 1.24'- T 

WELL CONSTRUCTION DETAILS 
MW195 

PADUCAH GASEOUS DIFFUSION PLANT 
PADUCAH, KY 

PHASE II SITE INVESTIGATION 



Top of 

Ground Surface 

Riser 3 

7 

WELL CONSTRUCTION DETAILS 
MW196 

PADUCAH GASEOUS DIFFUSION PLANT 
PADUCAH, KY 

PHASE II SITE INVESTIGATION 

f 
2 n 

WELL CONSTRUCTION DETAILS 
MW196 

PADUCAH GASEOUS DIFFUSION PLANT 
PADUCAH, KY 

PHASE II SITE INVESTIGATION 



Top of Riser 2 

Ground Surface 

25' 
26- 

.. 

. . . . . . . . 
6 5  

WELL CONSTRUCTION DETAILS 
MW197 

PADUCAH GASEOUS DIFFUSION PLANT 
PADUCAH, KY 

PHASE II SITE INVESTIGATION 



Top of Riser 

WELL CONSTRUCTION DETAILS 
MW198 

PADUCAH GASEOUS DIFFUSION PLANT 
PADUCAH, KY 

PHASE II SITE INVESTIGATION 

I 



Top of Riser 

WELL CONSTRUCTION DETAILS 
MW199 

PADUCAH GASEOUS DIFFUSION PLANT 
PADUCAH, KY 

PHASE II SITE INVESTIGATION 



TOP 

Ground Surface 

of Riser 1 

1 l Q) 

c - 
C 

C 
9 

3 n 
z a 
v) 

1 

30' 
31' 

Ij - 0 0 C 

0 
c) 

0 
0 
fo 

0, 
C .- 
t 

3 - 
2 

G+ 

0 
C 
0 

- - 
Q) 

to 

1 

C 
0 

0 
P 
3 
= 
l- 

WELL CONSTRUCTION DETAILS 
MW200 

PADUCAH GASEOUS DIFFUSION PLANT 
PADUCAH, KY 

PHASE II SITE INVESTIGATION 



Top of Riser 2 

rounds rfa e 7 

WELL CONSTRUCTION DETAILS 
MW201 

PADUCAH GASEOUS DIFFUSION PLANT 
PADUCAH, KY 

PHASE II SITE INVESTIGATION 



Top of Riser 2 

p1 .. ... .. .. 
.. . . . .  . . . . .  . . . .  . . . . .  .. .. ... ........ ......... ........ ......... ........ ......... ........ ......... ........ ......... ......... 

.. .:.I. 83' 

85' 

3 4  
31' 

C - 
I 
0 

WELL CONSTRUCTION DETAILS 
MW202 

PADUCAH GASEOUS DIFFUSION PLANT 
PADUCAH, KY 

PHASE I1 SITE INVESTIGATION 



WELL CONSTRUCTION DETAILS 
MW203 

PADUCAH GASEOUS DIFFUSION PLANT 
PADUCAH, KY 

PHASE II SITE INVESTIGATION 



Top of Riser 3. 

- 

WELL CONSTRUCTION DETAILS 
MW204 

PADUCAH GASEOUS DIFFUSION PLANT 
PADUCAH, KY 

PHASE II SITE INVESTIGATION 



Top of Ris 

Ground Surface 

35' 
3 r  

WELL CONSTRUCTION DETAILS 
MW205 

PADUCAH GASEOUS DIFFUSION PLANT 
PADUCAH, KY 

PHASE II SITE INVESTIGATION 



Top of Riser 

Ground Surface 
'3 

- 

WELL CONSTRUCTION DETAILS 
MW206 

PADUCAH GASEOUS DIFFUSION PLANT 
PADUCAH, KY 

PHASE I1 SITE INVESTIGATION 

1 



Attachment 5-D 
WELL INSTALLATION PAD DIAGRAMS 



Ogden Landing Road 

Not to Scale 

Bayou 
Monitoring 
Station 

41' 

97' 

MW192 a MW191 e 1 
t 7 O P i  

DIAGRAM OF MW191 & MW192 
PADUCAH GASEOUS DIFFUSION PLANT 

PADUCAH, KY 
PHASE I I  SITE INVESTIGATION 



OR030888.81 

I 

20.0' 

- -TMwlg3 20.0' 

- 45.0' - 90.0' 

1 0' 

Not to Scale 

DIAGRAM OF MW193 
PADUCAH GASEOUS DIFFUSION PLANT 

PADUCAH, KY 
PHASE II SITE INVESTIGATION 



Gauging 
Station 

39.0' 

1- 37.7' 

Tract 4 Road 
114 mile 

MW194 7 
16.5' 

1 
MW195 

DIAGRAM OF MW194 & MW195 

PADUCAH GASEOUS DIFFUSION PLANT 
PADUCAH, KY 

PHASE II SITE INVESTIGATION 
Not to Scale 



OR030888.81 

40' 

I 
I 20' 

- 20' MW196 

55' 

Gravel Road 

DIAGRAM OF MW196 

PADUCAH GASEOUS DIFFUSION PLANT 
PADUCAH, KY 

PHASE II SITE INVESTIGATION Not to Scale 



40' 
-8' 1 
l-0 MW197 

MW198 
7' 

Gate 

.15 miles 

Ogden Landing Road 

Not to Scale 

DIAGRAM OF MW197 & MW198 
PADUCAH GASEOUS DIFFUSION PLANT 

PADUCAH. KY 
PHASE II SITE INVESTIGATION 



0.5 mile 

- 20'- 

1- 30' 

DIAGRAM OF MW199 
PADUCAH GASEOUS DIFFUSION PLANT 

PADUCAH, KY 
PHASE I1 SITE INVESTIGATION Not to Scale 

MW199 
-701- 

Ogden Landing Road 

@ 
Not to Scale 

DIAGRAM OF MW199 
PADUCAH GASEOUS DIFFUSION PLANT 

PADUCAH, KY 
PHASE I1 SITE INVESTIGATION 



I Not to Scale 

DIAGRAM OF MW201 
PADUCAH GASEOUS DIFFUSION PLANT 

PADUCAH, KY 
PHASE II SITE INVESTIGATION 



Western Extention of Jim Allen Road 

0 
MW202 



APPENDIX 2B-6 
Aquifer Recovery Slug Testing 



TECHNICAL MEMORANDUM NO. 6 
PGDP PHASE I1 SITE INVESTIGATION 

PREPARED BY Mary Kate Dwyer/NJO 
Alan EddebbarhDEN 

SUBJECT Aquifer Recovery Slug Testing 

PROJECT NO.: NJ030888.FA 

INTRODUCTION 

PURPOSE AND SCOPE 

Instantaneous recovery (slug) tests were performed as part of the Phase I1 Site Investigation to 
characterize the hydraulic properties of selected aquifers and other hydrogeologic units 
beneath the PGDP. Results of the slug tests provide order-of-magnitude estimates of in situ 
hydraulic conductivity for a small aquifer volume in the area immediately surrounding the test 
well. Sets of tests were performed in Phase I1 well clusters screened in intervals occurring at 
varying depths within hydrogeologic units. From these tests, the hydraulic conductivities and 
transmissivities within the various water-bearing zones of interest were determined. 

This TM presents the results of the aquifer testing, including a description of the 
hydrogeologic units tested and the procedures used. Calculated hydraulic conductivities and 
transmissivities of the aquifers tested are also presented. 

BACKGROUND 

Hydrogeologic Setting 

The unconsolidated sediments that underlie the PGDP are, in ascending order, the McNairy 
Formation, the Porters Creek Clay, the Eocene sands, the Continental Deposits, and surficial 
deposits of loess and alluvium. Recovery tests were performed only in the Continental 
Deposits during the Phase I1 Site Investigation. 

The surficial deposits typically consist of silty clay or clayey silt and are referred to as the 
post-Continental Deposits. This unit may be a semi-confining layer because of a relatively low 
hydraulic conductivity. 

The Continental Deposits underlying the surficial deposits consist of an upper and a lower 
unit. The Upper Continental Deposits are predominantly finer-grained clays and silts with 
interbedded and discontinuous sand lenses, whereas the Lower Continental Deposits are a 
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gravel unit. Saturated sandy zones within the Upper Continental Deposits constitute the 
shallow groundwater system. Fifteen shallow wells were tested. The Lower Continental 
Deposits are comprised of the upper and lower Regional Gravel Aquifer (RGA). Wells tested 
in the upper or lower RGA are screened at the top or bottom portion of the aquifer, 
respectively. The RGA is a primary water-producing zone. Eighteen wells were tested in the 
upper and two wells were tested in the lower RGA. 

, 

Well Descriptions 

Twenty-two of the Stage A onsite wells were tested to obtain measurements representative of 
the different water-bearing zones and to provide areal coverage of onsite areas near WMUs. 
Thirteen of the Stage B wells were tested to characterize hydraulic properties of the shallow 
groundwater system and RGA. 

The aquifer recovery tests were performed in three categories of wells representing the 
specific hydrogeologic unit or interval over which the wells are screened. The wells are 
screened in the shallow groundwater system within the Upper Continental Deposits, in the 
upper portion of the RGA, and in the lower portion of the RGA within the Lower 
Continental Deposits. 

Tables 6-1 and 6-2 present the well construction information pertinent to data analysis for the 
Stage A and Stage B monitoring wells tested. Well construction details are important since 
well and sandpack diameter, screen length, and the height of the water column in the well 
determine the test method chosen and are used during the data analysis. 

, 

Wells in the Upper Continental Deposits are screened in various portions of the unit. The 
wells are screened over a very small area of the unit and hydraulic conductivities determined 
within these wells may not be representative of conditions occurring in other portions of this 
zone. The wells are screened in sandy layers within the unit, which may not be continuous or 
hydraulically connected to other portions of  the unit. 

Wells in the RGA are screened predominantly in the upper portion of the gravel unit, at 
varying depths, and are representative of the upper part of the aquifer. 

METHODOLOGY 

FIELD TESTING METHODS 

Slug tests were performed on Stage A onsite wells from April 9 to 24, 1991 (Figure 6-1) and 
on Stage B wells from April 25 to May 3, 1991 (Figure 6-2). Rising head recovery tests were 
performed using either a pneumatic displacement device or a teflono and stainless steel 
displacement cylinder. Tables 6-1 and 6-2 indicate which test was used on each well. 

DEN/l82R/O2O.S 1 6-2 



Table 6-1 
Stage A Well Construction Details 
PGIW Phase I1 Site Investigation 

Well Riser 
1.1). 

2 in. 

2 in. 

2 in. 

2 in. 

I 

Aquifer I,i t hology Imation 

C-400 Area 

Top of 
Sanded Screen Screen Water Test 

Interval" IRngth Elevation" Elevation" Method 

82-95 5 ft 87 3Y.0 PDD 

61-75 7 ft  63 47.5 PDD 

25-37 5 ft 30 29.1 DC 

97-1 IO 6 It 102 39.2 PDD 

MW-156 

MW-157 1 MW-158 I Lowcr RGA 1 1 WMU-91 

MW-159 Uppcr RGA WMU-91 

MW-160 SGS UCD WMU-91 

Uppcr RGA LCD C-400 Area 

SGS UCD C-4UO Area 

2 in.  

2 in. 

58-70 5 ft 63 40.0 PDD 

15-28 5 ft 20 5.4 PDD 

1 MW-165 I Upper RGA I 1 North Plant 

MW-166 SGS North Plant 

MW-167 SGS 10th St./Va. Ave. 

MW-I61 

MW-162 

Uppcr RGA LCD WMU- 1 

SGS UCD WMU- 1 

2 in. 

2 in. 

73-85 5 ft 78 3Y.8 PDD 

14-25 5 ft 18 8.8 PDD 

MW-163 

MW-164 

Uppcr RGA LCD East Plant 

SGS UCD East Plant 

2 in. 

2 in. 

87- 1 t)O 5 ft  94 5 1.5 PDD 

37-48 5 fl 42 40.2 DC 

2 in. 

2 in. 

2 in. 

~~~ ~ 

57.5-70 5 ft 63 46.4 PDD 

28-40 5 ft 33 32.9 DC 

16-28 5 ft 21 5.7 PDD 

MW-168 

MW-169 

Uppcr RGA LCD 10th st./Va. Ave. 

Uppcr RGA LCD (lo1 Ditch 

2 in. 

2 in. 

58-70 5 ft  63 43.0 PDD 

59-70 5 ft  65 39.0 PDD 

MW-170 

MW-175 

SGS UCD 001 Ditch 

Upper RGA LCD C-400 Area 

2 in. 

2 in. 

20-30 5 ft 25 5.2 PDD 

68-80 5 ft 75 47.1 PDD 



c" 
P 

MW-177 SGS + MW-I78 Upper RGA 

Well Aquifer 1,ithology Incation 

C-4OU Area UCD 

1.1). Interval" length Elevation" Mevation" Methtd 

2 in. 34.5-46.5 5 ft 39.5 41.2 DC 

LCD C-40() Area 

WMU-1 

WMU-1 

WMU-5 

LCD 

2 in. 56-69 5 ft 62.5 44.7 PDD 

2 in. 59.5-75 5 ft 70 40.2 PDD 

2 in. 16.5-28.5 5 ft 22.5 15.7 PDD 

2 in. 13-25 5 ft 17.5 2.50 PDD 

UCD 

UCD 

Table 6-1 
Stage A Well Construction Details 
PGDP Phase I1 Site Investigation 

(page 2 of 2) 

Toy of I Well Riser I Sanded I Screen I Screen I Water I Test 

NOTES: 

RCiA - Regional Gravel Aquifer 
SGS - Shallow Groundwater System 
LCD - Lower Continental Dcposits 
UCD - Upper Continental Deposits 
DC - Displacement Cylinder 
PDD - Pneumatic Displacement Dcvicc 
"Depth Below Ground Surface (feet) 



Table 6-2 
Stage R Well Construction Details 
PGDP Phase 11 Site Investigation 

Top of 
Screen Screen Water 
Length ISlevation" lClevationa 

5 ft 55 25.9 

Test 
Method 

PDD 

Aquifer I .it hology Imation 
Sanded 

Interval' 

Well 
Riser 
1.1). Well 

Upper RGA 

SGS 

MW-191 LCD Ogdcn Landing Rd./L. Bayou Cr. 2 in. 

UCD Ogdcn Landing Rd./L. Bayou Cr. 2 in. 

50-61 

5 ft  

5 rt 

38 25.5 PDD 

63 33.7 PDD 

33-50 

Upper R G A  

Upper R G A  

MW-192 

LCD Ozdcn Landing Rd. 2 in. 

LCD Rig Bayou Crcek/NW Plant 2 in. 5 ft 

5 f t  

MW-193 

46.9 21.3 PDD 

6 7.7 1 DC 

58-70 

SGS 

SGS 

Unncr R G A  

UCD Big Bayou Creck/NW Plant 2 in. 

UCD Entrance Rd cUC Acid Rd 2 in. 

LCD KOW Rd M-WN. Plant 2 in. 

MW-194 

SGS 

Unncr R G A  

42-53 

UCD KOW Rd M-6/N. Plant 2 in. 

LCD KOW Rd M - 9 N  Plant 2 in. s rt 

5 ft  

~~ 

MW-195 

74 46.2 PDD 

62.5 35.2 PDD 

5- I7 

16.9-30 

Upper RGA LCD Boldry School Rd. 2 in. 

~~ ~~~ 

21.9 6.0 

3.5.0 

14.4 DC 

MW-196 

MW-197 53-65 

13-25 MW-198 

M W-20() 69-80 

MW-201 56.5-70 



Table 6-2 
Stage R Well Construction Details 
PGDP Phase I1 Site Investigation 

Well Acliiifer 1 ithology 1 mcution 

MW-202 Upper RGA LCD KOW Rd. M-7 

Well 
Riser 
1.1). 

2 in. 

Top of 
Screen 

Elevation" 

77 

71 

RCiA - Rqional Gravel Aquil'cr 
SGS - Shallow Ciroundwatcr Syslcm 
LCD - Lower Conrincntal Deposits 
UCD - Upper Conlincnlal Dcposils 
DC - Displnccmcnt Cylinder 
PDD - Pneumatic Displaccmcnt Device 
"Dcpth Below Ground Surfacc (feel) 

Water Test 
Elevationa Met hod 

40.0 PDD 

44.9 PDD 

72-85 

MW-203 

MW-204 

68-80 

5 sr 45.9-55 -I-= Upper RGA LCD Onsite/N. o f  720 Bldg. 2 in. 

SGS UCD OnsiWN. of 720 Bldg. 2 in. 49.4 37.5 PDD 



CH2M HILL personnel involved in the field effort were Mary Kate Dwyer (NJO), Annette 
Mario (PHL), and Elena Pomar (DFB). Eberline personnel providing health and safety 
monitoring of fieldwork were Bob Moya and John Taylor. 

The test data were collected in digital form using a Campbell 21X datalogger linked to Druck 
pressure transducers. The tests were performed using one of two methods: a pneumatic 
displacement method, or a displacement cylinder method. Both methods were not performed 
on any one well since these methods were used only to suppress the water column in the well. 
The actual test began when the water column started to rise toward recovery, so test results 
would be similar regardless of which method was used. A bailer was not needed to conduct 
any of the tests since enough water was present in the wells to use the displacement cylinder. 

Pneumatic Displacement Method 

The pneumatic displacement apparatus developed to suppress the water column in a well 
consisted of a packer assembly, fittings for the transducers and pressure application, and a 
pressure-release valve. When the packer was lowered into the upper portion of the 
monitoring well, clamped in place and inflated. it provided a seal between the apparatus and 
the inside of the well. Two fittings were provided for inserting transducers. One transducer 
was lowered down through the packer and placed approximately 10 ft below the water surface 
in the well, and remained at that depth throughout the test. The other transducer was 
inserted into the side of the packer to measure the induced gas pressure (above the water 
surface during the test). A third fitting allowed gas to be introduced to pressurize the well. 
Compressed bottled nitrogen was fed through a regulator and into the apparatus. The 
pressure could be released quickly through ii ball valve to start each test. 

Twenty-nine wells were tested using the pneumatic displacement method. The test was 
generally repeated a second time in each well to evaluate the repeatability of the data. Each 
test was performed as follows. After the test apparatus was installed in the well, the packer 
was inflated and the well pressurized. The datalogger was programmed to display the pressure 
measured by the submersed transducer (TI)  (ft of water), the gas pressure measured by the 
transducer (T2), and the difference between the two (Tl-T2). The difference equalled the 
height of the water column (ft) above the submerged transducer. The gas pressure was 
regulated at a predetermined value. The water levels were routinely suppressed approximately 
7 ft for the first and second tests, respectively. Wells with a veiy rapid response were tested a 
third time since the test duration was s o  short. Wells with a slow response were suppressed as 
far as possible (typically 3 to 5 ft), and were only  tested twice. Only one test was performed 
on extremely slow wells. As the gas pressure was applied, the water level in the well declined 
to the desired level, displacing a slug of water from the well. Tests were begun after allowing 
for equilibration between the well and the geologic formation. The length of time allowed for 
equilibrium was variable, but the test was ready to start when the absolute change in water 
level did not vary by greater than approximately 0.01 ft in I minute. Wells in which the water 
level required an appreciable time to decline were given a correspondingly long time to 
re-equilibrate. 
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To start the test, the ball valve was opened to create an instantaneous release of pressure and 
the gas supply was shut off. When the datalogger detected a change in water level greater 
than a preset trigger value (0.1 ft), it began to record the elapsed time and the water level, 
yielding a record of water level as a function of time. Readings were taken at intervals of 0.5, 
5 ,  60, or 300 sec, depending on the rate of recovery. 

The datalogger program used was VHEAD 3-1 and was developed by CH2M HILL. It 
measures water levels and elapsed time during rising head tests. Generally, a test was ended 
after the water level recovered to approximately 90 percent of the original value. 

The data held in the datalogger were transferred to tloppy disks for storage at the end of each 
day. 

Displacement Cylinder Method 

Wells which were screened at the water table or where the water table was less than 5 ft 
above the top of the screen were tested using a displacement cylinder. Six wells were tested 
using the displacement cylinder. The test was performed twice in two of the wells to verify 
repeatability of the data since recovery time was relatively rapid (less than 2 hours). The four 
other wells tested required a 24-hour period to recover to 80 or 90 percent of the static water 
level and were only tested once. Each rising head test using this method was performed as 
follows. A pressure transducer was lowered down through the water and placed at the bottom 
of the well. The submerged transducer measured the pressure of the water column above it. 
The datalogger converted the measured pressure (psi) to ft of water, which was used directly 
as the depth of water (ft) above the transducer. A 1-3/4411. outside diameter teflono cylinder 
was submerged, causing the water level to rise due to displacement. The cylinder was 
constructed in 2-ft segments, so that the length could be adjusted from 2 to 8 ft, depending on 
the height of water present in the well. In each case, the length of the cylinder used was 
slightly greater than the height of the water column to minimize wave effects when conducting 
the test. 

When the water level equilibrated in the well, the cylinder was rapidly lifted out of the water 
column using a tripod and pulley assembly. The rapid change in water level triggered the 
datalogger, which recorded elapsed time and corresponding water levels. Tests continued until 
the water level recovered to within 80 to 90 percent of the initial static water level 
measurements. 

DATA ANALYSIS METHODS 

The time and hydraulic head data obtained from the datalogger was plotted using the 
Geraghty & Miller (1985), computer package (AQTESOLV) in two forms of semilog plot for 
each test. The first plot is a time drawdown plot with the drawdown plotted on the 
logarithmic scale. For the second plot, the time is plotted on a logarithmic scale and the 
y scale corresponds to H/H,, where H is the head in the well at time t after the test begins 
and Ho is the initial head in the well immediately upon slug extraction. The AQTESOLV 
package assumes the slug test is a falling head test. The tests performed were rising head 
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tests, so the H/H, values approach zero as the test progresses, rather than one in a falling 
head test. The purpose of the plots is to evaluate the general conduct of the test, to identify 
whether the tested aquifer is confined or unconfined, and to confirm the method of analysis of 
the test. 

The first semilogarithmic plot is consistent with the Bouwer and Rice (1976) method for 
determining hydraulic conductivity of an unconfined aquifer. The second plot is consistent 
with the Cooper et al (1967) method for analyzing slug tests in a confined aquifer. Only the 
plot that gives the best fit is used for aquifer analysis and is presented. In some cases 
subsequent tests provided good fits with the alternative method. In those cases, results of both 
methods are presented. In one case (MW-157, RHT2), neither method provided a good fit 
for the data set and a hydraulic conductivity could not be calculated for this test. 

Bouwer and Rice Method 

The Bouwer and Rice method was developed to analyze slug test data from partially 
penetrating and partially screened wells in unconfined aquifers. The method can also be used 
in confined aquifers if the well screen is some distance below the confining unit. In some 
cases this condition is not met, yet the curve match is superior to the Cooper method. This 
condition would tend to indicate that the aquifer is not confined. The method is applicable to 
any diameter and depth of borehole, provided that the dimensions of the system are covered 
by the range for which the geometry factor R, has been worked out. Bouwer and Rice used 
analog analyses to evaluate Re for various geometries. The results were expressed in terms of 
a dimensionless ratio ln(Re/rw) 

Where: Re is the effective radial distance over which the vertical distance, y, between 
water level inside the well and static water table outside the well is dissipated. 

r, is the radial distance of the undisturbed portion of aquifer from the 
centerline 

Bouwer and Rice developed a governing equation for the rise of water level in the well after 
a slug of water was suddenly removed. They integrated the  equations and obtained the 
following expression for K: 

K = r:/2Le ln(Re/rw)l/t In(y,/y,) 

Where: y = the vertical distance between water level inside the well and static water 
table outside the well 

yo = y at time zero; and yl = y at time t 

t = time 

Le = length of screened portion of the well 
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rc = radius of casing 

r,,, = radius of well including gravel pack 

Re = is the effective radial distance over which the vertical distance, y, between 
water level inside the well and static water table outside the well is 
dissipated 

The method considers the effect of the gravel pack when calculating the equivalent value of rc 
for the rising water level. 

This method assumes: 

0 The equation used in this method is based on the Theim equation and therefore 
assumes steady-state conditions. 

0 The aquifer is unconfined, homogeneous, isotropic, and of uniform thickness. 

0 The aquifer potentiometric surface is initially horizontal. 

0 The pulse produced by the slug affects the aquifer over a certain distance Re. 

0 A volume of water (V) is injected into or displaced from the well. 

For more details on Bouwer and Rice method, see Bouwer (1976 and 1989). 

Figure 6-3 presents an example of data from one of these tests analyzed with the Bouwer and 
Rice method. 

Cooper-Bredehoeft-Papadopulos Method 

The method was developed to analyze slug test data from wells screened in confined aquifers. 
This method estimates transmissivity and storativity using a curve-matching technique. Field 
data are plotted on semilog curves. The headinitial head (H/H,) is plotted on the arithmetic 
scale and time on the logarithmic scale. The plot is then superimposed on a set of 
type-curves. A match line is selected for a "t" value corresponding to Tt/rc2 = 1. This "t" 
value is then used in the appropriate equation to  solve for transmissivity. Storativity is 
obtained from the selected Alpha value and values of the casing radius and the well radius. 

This method assumes: 

0 The aquifer has infinite areal extent. 

0 The aquifer is confined, homogeneous. isotropic, and of uniform thickness. 

The aquifer potentiometric surface is initially horizontal. 
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0 Instantaneous injection or removal of water from the well occurs. 

0 Well storage is negligible. 

0 Well is fully penetrating. 

0 Flow to well is horizontal. 

Water is released instantaneously from storage with decline of hydraulic head. 

This method also considers the effects of well bore storage. 

Figure 6-4 presents an example data from one of the tests plotted over the Cooper- type 
curve. 

Slug Test Data Analysis Computer Package AQTESOLV 

The two methods for estimating hydraulic conductivity using slug test data can be analyzed 
with the aid of AQTESOLV. AQTESOLV combines statistical parameter estimation methods 
with graphical curve matching to analyze aquifer test data. AQTESOLV uses nonlinear 
least-squares parameter estimation procedures to estimate aquifer properties from aquifer 
tests. For slug test solutions, the methods available consist of the Bouwer and Rice method, 
which produces an estimate of hydraulic conductivity and values of the drawdown axis 
intercept, and the Cooper-Bredehoeft-Papadopulos method, which produces estimates of 
transmissivity (T) and storativity (S). A detailed description of AQTESOLV is found in 
Geraghty and Miller (1985). 

Each set of test data was analyzed using methods developed by Bouwer and Rice and/or 
Cooper et al. Water level recordings and elapsed time were transferred from raw data sets 
into files adjusted for use with the computer program AQTESOLV. 

Initially, calculation of hydraulic conductivity was based on the AQTESOLV estimates of 
aquifer coefficients. AQTESOLV adjusts aquifer coefficients to match the type curve to the 
time drawdown data. For the Bouwer and Rice method, the variance of the best-fit line 
compared to the data curve was evaluated. If the best-fit line varied greatly from points of the 
data set, a subset was created and evaluated over a shorter duration of the test. For tests of 
a short duration (0 to 250 sec), the entire data set was generally used to calculate hydraulic 
conductivity. For high values of K, most of the data points fell on or near the best-fit line. 
For tests of a long duration (1-24 hr), the subset of data evaluated occurred between 0 and 
80 percent of static water level recovery. This range eliminated the noise in the data set due 
to the tailing off of the data as the water level asymptotically approaches static water level. 
When the double straight line effect was observed, the graphic cursor was used so that the 
hydraulic conductivity was estimated based o n  the second straight line. The first straight line 
portion of the curve is probably due to a more permeable zone around the well. It probably 
represents a gravel pack or a more developed aquifer zone around the well, which quickly 
released water to the well. Then, when the water level in the permeable zone around the well 
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has drained to the level of the well, the tlow to the well slows down and the data points form 
a less steep straight line. This is more indicative of tlow from the undisturbed aquifer into the 
well. The value of hydraulic conductivity and the slope of the best-fit line are at the bottom of 
each graph (Attachments A and B). Slopes of the graphs may appear different based on the 
length of the test, the recovery response of  the aquifer, and the degree to which the well 
recovered. Values of hydraulic conductivity for each well tested are presented in Table 6-3 
and Table 6-4. 

Transmissivity (T) was calculated using the following equation: 

T=Kb 

where: 

T = transmissivity (gal/day/ft) 
K = hydraulic conductivity from slug tests (gaI/day/ft') 
b = estimated saturated thickness (ft) 

For each well, the average value of K used to calculate the transmissivity was obtained from 
the geometric means of representative tests from that well. The geometric mean is calculated 
by taking the nth root of the product of all the K values (n, x n2 x n,). Possible variations of 
K in adjacent unscreened portions of the aquifer were not considered in this analysis. 

A test was considered to be representative of the well if a review of the graph revealed that 
the best-fit line contained a majority of the data points, the test was comparable to other tests 
performed with similar displacement on that well, and water levels had recovered to at least 
80 percent of their original value. The method selection was not based on existing 
assumptions of the confined or unconfined nature of the aquifer. The method selected 
provided the best curve match. If the Cooper method provided the best match, the aquifer is 
probably confined at that location. Geometric means were calculated from representative 
tests to provide a geometric average hydraulic conductivity value for each well (Table 6-5). 
The average K value was used to calculate the transmissivity values presented in Table 6-5. 

1 

, 

For wells in the shallow groundwater system, the estimated saturated thickness, b, was based 
on the depth from the water table to the bottom of the screen, assuming that the screen was 
seated in a clay unit that acts as a barrier to downward flow into the RGA. 

In Phase 11, only two of the wells installed (MW-155, MW-158) fully penetrated the RGA. 
The thickness of the RGA in the other wells was estimated based on information obtained 
from the boring log for each well cluster and on the isopach map for the Lower Continental 
Deposits from the Phase I Site Investigation Report (Figure 3-17). 

DECONTAMINATION OF EQUIPMENT 

Field equipment introduced into the wells was decontaminated between well locations and 
before leaving the site. Equipment included the packer system, transducers, displacement 
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Table 6-3 
Ilydraulic Conductivities for All Tests Conducted on Stage A Wells at PGDP 

PGI)P Phase I1 Site Investigation 
(page 1 of 4) 

Appendix A 
Fig No. 

Data Analysis Percent Recovery Total Displacement 
Well No., Test No. K (cmhec) Method of 'lest (ft) 

A- 1 

A-2 

A-3 

A-4 

A-5 

A-6 

A-7 

A-8 

A-9 

A-10 

A-1 1 

A-I2 

MW157, R H T l  2.47 x 10-s Bouwcr 100 3.20 

MW157, RHT;? Poor data 98 4.0 1 

MWl60, R H T l  5.41 x lo-" Bouwcr 91 3.03 

MW160, RHT2 8.45 x lo-s Bouwcr 93 3.07 

MW162, R H T l  4.30 x 10-5 Cooper 'PI 4.00 

MW162, RHT2 2.86 x 10-5  Bouwcr 96 4.00 

MW164, R H T l  6.51 x 10" Bouwcr 80 3.38 

MW166, R H T l  1.02 x Bouwcr 88 2.28 

MW167, RHTl  3.65 x Cooper 98 6.52 

MW167, RHT2 3.64 x 10-5 Coo pc r 97 6.36 

MW170, R H T l  1.63 10-7 Cooper 93 4.55 

MW170, RHT2 9.93 x Bouwer 52 4.52 

MW177, R H T l  2.81 x 10-4 Bouwcr 'XI 1.04 

A-13 

A-14 

~~ ~~ ~ 

MWI89, R H T l  4.27 x 10.' Bouwcr lo() 3.61 

MW189, RHT2 4.27 x 10-s Bouwcr 1 0 0  3.52 

A-I5 MW190, R H T l  I 1.16 x 10-5 I Cooper 96 5.03 



Table 6-3 
IIydraulic Conductivities for All ‘rests Conducted on Stage A Wells at PGDP 

YGDP Phase I1 Site Investigation 
(page 2 of 4) 

Appendix A h t a  Analysis Percent Recovery Total Displacement 
l i g  No. Well No., ‘Test No. K (cm/sec) Method of ‘lest (ft) 

A- 16 MWI90, RHT2 1.24 x Cooper 98 5.09 

11 UI’I’ER KGA 
~ ~~ 

A-17 

A-18 

A-I9 

A-20 

A-2 I 

MW156, RHTl 3.31 x Cooper Io0 6.99 

MWlS6, RHT2 3.20 x Cooper 100 7.03 

M W I S6, RHT3 3.17 x IO” Cooper 1 (n) 7.07 

MW159, RHTI 3.9s x 10-3 Bouwcr IO() 7.28 

M W 159, RHT2 4.o() x  IO-^ Bouwcr Io( )  7.21 

MWIS9, RHT3 

A-23 MWlhl ,  RHTl 

3.93 x 

2.61 x 10-2 

Bouwcr loo 7.13 

Bouwcr lo() 7. I O  

A-24 I MW161. RHT2 2.63 x 10-2 

1.76 x lo-’ 

~~ ~ 

Bouwcr icn) 7.07 

Bouwcr loo 7.07 

M W 163, RHT2 

MW16.3, RHT3 

A-25 

A-26 

MWI61, RHT3 

MW163, RHTl 
~~ 

4.76 x I Bouwcr I 
3.20 x 10-2 

6.13 x 10-3 

7.12 

Bouwcr 1 (lo 7.04 

Bouwcr 100 7.07 

7.83 x 10-3 I Cooper 100 A-29 -1 MW165, RHTl 
~ ~~ 

7.22 

A-30 I MW165, RHT2 5.90 x IO” I Bouwer I 100 I 7.14 
I I I 1 

A-3 1 MW165, RHT3 I 5.99 x 10-9 I Bouwer I 100 I 7.14 



Table 6-3 
Hydraulic Conductivities for All Tests Conducted on Stage A Wells at PGDP 

PGDP Phase I1 Site Investigation 
(page 3 of 4) 

I Well No., Test No. 
Appendix A 

Fig No. 

M W 178, RHT2 

MWI78, RHT3 
I 

1 MW188. RHTl 

1 MWI88. RHT2 
r -  

MW188. RHT3 

K (cmhec) 

A-32 

A-33 

Ikta Analysis Percent Recovery Total Displacement 
(fi) of l e s t  Method 

MWI68, RHTl 

MWl68, RHT2 

2.66 x 10-4 

4.55 x 

Bouwer IO() 7.18 

Bouwer 100 7.34 

5.74 x 

7.12 x 10" 

Cooper IOU 7.14 

Cooper 100 7.24 

7.06 x lo-' 

3.12 x 10-2 

Coo per IO0 7.27 

Bouwcr 100 7.28 

2.95 x lo-' 

2.15 x 

Bouwer I O 0  7.22 

Bouwer 100 7.04 

2.06 x lo-: 

1.89 x 10-2 

Bouwcr 100 7.07 

Bouwer IOU 7.09 

5.16 x 

3.08 x 10-2 

Bouwer lo() 7.14 

Bouwer 100 7.10 

4.56 x 10-2 1 Bouwer IOU I 7.10 

A-46 MW155, RHTl 4.76 x Bouwer IO() 6.98 

A-4 7 MWI.55, RHT2 4.96 x 10" Bouwer 100 7.1 1 
c ~ 

A-34 

A-35 

MW169, RHTL 

MWl69, RHT2 

A-36 MWl69, RHT3 

MW175, RHTl 

MW175, RHT2 

A-37 

A-38 100 I 7.14 

MW175, RHT3 

MWI78, RHTl 

A-39 

A-40 

A-4 1 

A 4 2  

A-43 

A-44 

A-45 
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-. 
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Table 6-4 
Hydraulic Conductivities for All l es ts  Conducted on Stage B Wells at PGDP 

YGIW Phase 11 Site Investigation 
(page 1 of 2) 

Appendix B 
Fig No. 

Ihta Analysis Percent Recovery Total Displacement 
Well No., Test No. K (cdsec) Method of ‘rest (n) 

B- I 

B-2 

B-3 

~~~ ~- __ __ ~~ ___ ~ ~ _ _ -  ~ ~ ~ ~ 

MW192, RHTl  1.95 x Cooper 97 5.30 

MWI92, RHT2 3.75 x Bouwer 90 5.09 

MWI9S. R H T l  6.31 x 10’ Bouwer 98 2.14 

B-4 

B-5 

MW195, RHT2 6.93 x Bouwer Io ( )  2.77 

MWI96, RHTl 1.06 x Bouwcr 1 tlo 4.27 

B-6 

B-7 

~ ~- 

B-I I 

MWlOh, RHT2 5.56 x Cooper 91 4.55 

MWIW, RHTl 7.45 10-7  Bouwer 92 5.W 

B-8 

B-9 

~ 

7.07 

MW204, RHTl 3.01 x lo-’ Cooper 92 3.81 

MW204, RHT2 3.78 x Cooper 92 4.6 1 

B- IO MW191, RHTl  I 2.17 x I Bouwer 1 (X) 7.05 B- IO MW191, RHTl  2.17 x Bouwer 1 (X) 7.05 

loo I B-11 MW191, RHT2 1.66 x 10-2 Coo pc r loo 

B-12 MWI91, RHT3 3.02 x Bouwer 1 0 0  

B-13 MW193, RHTl  8.61 x Cooper 1 (MI 

B-14 MW 193, RHT2 3.77 x Cooper 100 

7.07 

7.06 

7.14 

7.11 

B-12 MWI91, RHT3 3.02 x Bouwer 1 0 0  

B-13 MW193, RHTl  8.61 x Cooper 1 (MI 

B-14 MW 193, RHT2 3.77 x Cooper 100 

7.06 

7.14 

7.11 



80’9 

PO’L 

11.1 

$0’1 

96’9 

SZ‘O I 

PI‘L 

zz-a 
I 2-8 

oz-a 
o I -a 

Li-a 

si-a 



Well No. 

Geometric 
Average K K b T 

(cdsec) (gaVday/ft*) (ft) (gaVday/ft) 

MW157 

MW160 

MW162 

~- ~ ~ 

MW170 8.53 x lo-* 25 2.13 I 

2.47 x 10” 5.23 x 10’ 8.5 4.45 

2.1 x 105 4.53 x lo-’ 21.5 9.7 

3.5 x 10-5 7.44 x 10’ 16 11.9 

MW177 I 2 . 8 1 ~  lo4 I 

MW164 

MW166 

5.96 

6.54 x 10-4 13.87 8.5 118 

1.02 x 104 2.16 x lo4 7.5 0.0016 

I 7 I 41.7 

MW190 

~- 

Mw189 r 4.2 10-5 I -  9.06x10-’ I 
1.2 x 10-5 2.55 x 10’ 22.5 5.74 

13 I 11.8 

6-19 



Well No. 

Geometric 
Average K K b T 

(cm/sec) (gaVday/ft*) (ft) (gaVday/ft) 

NJR7U036R71.5 1 

MW197 

MW200 

MW201 

MW202 

MW203 

6-20 

2.18 x lo-" 4.631 25 115.8 

5.12 x 103 108.5 25 2,712 

3.40 x 10' 7.37 x lo1 30 22.11 

1.40 x 10-4 2.98 20 59.52 

2.15 x lo-" 4.58 40 183.1 



cylinder, and water level indicators. Procedures followed for decontamination of equipment 
and materials before use were in accordance with Method ESP-900 (Martin Marietta Energy 
Systems, 1988). 

Prior to departure from PGDP, all equipment used in the field was decontaminated. Wipe 
samples were collected and analyzed for transferable radiological contamination before release 
from the site for unrestricted use. 

TEST RESULTS 

As discussed earlier, the data from each slug test was plotted according to both the Cooper 
et  a1 method and the Bouwer and Rice method to identifjr if the tested aquifer is confined or 
unconfined. Generally slug test data that are consistent with the Cooper method are 
considered to represent a confined aquifer, and data that are consistent with the Bouwer and 
Rice method represent an unconfined aquifer. 

Slug tests that were consistent with confined aquifer behavior were analyzed using the Cooper 
et  a1 method, while the ones that were not were analyzed using the Bouwer and Rice method. 
Some of the tests that were analyzed using the Bouwer and Rice method exhibited a double 
straight line. The first part is straight and steep and the second one is also straight but less 
steep. The first straight line portion of the curve is probably due t o  a more permeable zone 
around the well. It probably represents 21 gravel pack or a more developed aquifer area 
immediately around the well which quickly releases the water to the well. Then, when the 
water level in the permeable zone around the well has drained to the level of the well, the 
flow to the well slows down and the data points form a less steep straight line. This second 
line is more indicative of the flow from the undisturbed aquifer into the well. Therefore, the 
second straight line of plots, resulting from each unconfined slug test, was used to estimate the 
hydraulic conductivity of  the aquifer. 

The plots of the data points showing the best-fit line for each data set are presented in the 
graphs in Attachments A and B. Tables 6-3 and 6-4 present a summary of the results of this 
analysis and the calculated values of hydraulic conductivity for each well tested. Table 6-5 
presents the geometric average hydraulic conductivity for each well and the calculated 
transmissivities for the portion of the aquifer tested. 

Rising head tests were conducted on 15 wells screened within the shallow groundwater system 

MW-190, MW-192, MW-195, MW-196, MW-198. MW-204). Only one test was conducted on 
MW-164, MW-166, MW-177, and MW-198. since the wells took 21 long time to recover. The 
range of hydraulic conductivity in the shallow groundwater system was 1.0 x cm/sec 
to 6.9 x cm/sec. The geometric mean of these 15 average K values was 2.1 x lo-' cmhec. 
Estimates of transmissivity ranged from O.(JOl6 to 1.33 gaI/day/ft. 

(MW-157, MW-160, MW-162, MW-164, MW-166, MW-167, MW-170, MW-177, MW-189, 

DEN/182R/0?0.5 I 6-2 1 



Eighteen wells were tested in the upper RGA (MW-156, MW-159, MW-161, MW-163, 

MW-197, MW-200, MW-201. MW-202. MW-203). The range of hydraulic conductivity in the 
upper RGA was 4.2 x 10' cm/sec to  3.4 x cm/sec. The geometric mean of these 18 
average values was 2.9 x IO-' cm/sec. Estimated transmissivity ranged from 22 to 
42,400 gal/day/ft. 

MW-165, MW-168, MW-169, MW-175. MW-178. MW-188, MW-191, MW-193, MW-194, 

Two wells were tested in the lower RGA (MW-155, MW-158). 
conductivity in the lower RGA was 4.4 x 
of these two values is 9.8 x IO' cm/sec. 
3,892 gal/day/ft. 

The range of hydraulic 
cm/sec to 2.2 x 10" cm/sec. The geometric mean 
Estimates of transmissivity ranged from 224 to 
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Attachment A 
STAGE A WELLS 
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Aquifer Pumping Test 



TECHNICAL MEMORANDUM NO. 7 
PGDP PHASE I1 SITE INVESTIGATION 

PREPARED BY Cliff Bell/NJO 
Mary Kate Dwyer/NJO 

SUBJECT Aquifer Pumping Test 

PROJECT NO.: NJ030888.BA 

INTRODUCTION 

PURPOSE AND SCOPE 

A pumping test was performed as part of the Phase I1 Site Investigation to evaluate the 
local hydrogeologic characteristics of the Regional Gravel Aquifer (RGA) beneath the 
PGDP. Data obtained from the pumping test provided the necessary information to 
calculate coefficients of transmissivity and storativity, estimate aquifer anisotropy, and 
assess leakage from the shallow groundwater system to the RGA. This TM presents 
the results of the pumping test, including a description of the hydrogeologic units tested 
and the procedures used. 

The pumping test location was north of the plant process buildings, in an area just west 
of the C-537 switchyard (WMU 85) (Figure 7-1). 

One pumping well, five RGA piezometers, and three shallow groundwater system 
piezometers were installed for the pumping test. The shallow Piezometers were 
positioned adjacent to RGA wells, forming couplets. The spacing and distances of the 
piezometers were selected, in part, to identify conditions of anisotropy. 

The pumping test included a step-drawdown test, collection of background water levels, 
a 72-hour constant rate pumping test, and a 72-hour recovery test. Barometric pressure 
data were collected during the entire testing period. Water level data were collected 
and stored using Campbell Scientific and In-Situ Hermit dataloggers. Inorganic water 
quality parameters were monitored and groundwater samples were collected 
periodically throughout pumping. 

The test focused on only a small area of the RGA. Given the apparent variability in 
lithology across the PGDP study area and the resulting distribution of conductivity, the 
test results may be applicable only in a limited area. 
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BACKGROUND 

Hydrogeologic Setting 

The unconsolidated sediments that underlie the PGDP are, in ascending order, the 
McNairy Formation, the Porters Creek Clay, the Continental Deposits, and surficial 
deposits of loess and alluvium. 

The surficial deposits typically consist of silty clay or clayey silt and are referred to as 
the post-Continental Deposits. This unit may be characterized as a semiconfining layer 
because of a relatively low hydraulic conductivity. 

The Continental Deposits underlying the surficial deposits consist of the Upper 
Continental Deposits and the Lower Continental Deposits. The Upper Continental 
Deposits are predominantly finer-grained clays and silts with interbedded sand lenses, 
and the Lower Continental Deposits are a gravel zone, which is a primary 
water-producing zone within the RGA. 

Saturated sandy zones within the Upper Continental Deposits constitute the shallow 
groundwater system. Five shallow wells were monitored during the pumping test 
including three piezometers, which were installed for the pumping test. Seven deep 
wells were monitored during the test, five of which were installed for the pumping test. 
The pumping well fully penetrated the RGA. The monitoring wells only partially 
penetrated the RGA, with a 5-fOOt screen interval. 

I 

I 

Previous Hydrogeological Studies 

A 48 hour pumping test was conducted by Terran Corporation in September, 1989, at 
the C-404 area of the PGDP. The data were evaluated using several methods, 
including "leaky aquifer" formulae. These calculations yielded a transmissivity of 
14,156 gpd/ft for the aquifer and a leakance factor of 0.174 gpd/ft3 (TERRAN, 1990). 
It was determined that the lower sand and gravel aquifer was not totally confined and 
that the underlying and/or overlying aquitards were contributing recharge to the aquifer 
during the test. 

Aquifer recovery slug testing was performed by CH2M HILL during both Phase I and 
Phase 11. Estimates of hydraulic conductivity and transmissivity were calculated from 
the test data. Phase I test results indicated a range of hydraulic conductivity for the 
RGA from 2.2 x cm/sec to 6.2 x IO-* cm/sec. Estimated transmissivity ranged from 
186 to 52,750 gpd/ft. Phase I1 test results indicated a range of hydraulic conductivity 
for the RGA from 3.4 x lo-' cm/sec to 4.2 x cm/sec. Estimated transmissivity 
ranged from 22 to 42,400 gpd/ft. This range of values is explained by aquifer 
heterogeneity and variable well construction. 
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TESTING METHODS 

PUMPING WELL AND PIEZOMETER DESIGN 

A total of three shallow and five deep piezometers and one pumping well were 
installed for the pumping test. The piezometers and pumping well were installed with 
truck mounted Central Mining Equipment drill rigs using 8-inch-O.D. soil augers. All 
piezometers were constructed of 2-inch diameter PVC riser pipe and 5 feet of PVC 
wire wound Johnson well screen with 0.01-inch openings. Each piezometer was also 
constructed with a sand pack to 5 feet above the screen, a bentonite seal approximately 
5 feet thick above the sand pack, and grout in the annular space above the bentonite 
seal. The grout was installed with a tremie pipe. The grout composition is 
approximately 186 pounds of portland type 1 cement (2 bags), 6 to 8 pounds of 
bentonite, and 14 gallons of water. 

The shallow groundwater system piezometers were installed by drilling an 8-inch-O.D. 
auger hole to bottom depth. The RGA piezometers were constructed by first augering 
a 10-inch hole and installing an 8-inch-I.D. steel isolation casing through the shallow 
groundwater system. Drilling was performed through the RGA using 8-inch-O.D. soil 
augers. The RGA piezometers were not fully penetrating. 

Each of the piezometers was developed for approximately 4 to 6 hours until the final 
development water was clear to slightly cloudy. 

The pumping well was constructed with 6-inch diameter carbon steel riser pipe and 
40 feet of wire wound screen with 0.01-inch openings. The shallow groundwater system 
was isolated with 40 feet of 12.5-inch diameter steel casing grouted in place. The well 
was fully penetrating and developed for approximately 24 hours. 

The first attempt at drilling the pumping well was unsuccessful and the well was left 
abandoned about 10 feet from where the pumping well stands. This abandoned well, 
referred to as PW-1 Defunct, consists of an 8-inch casing keyed into the confining layer 
underneath the RGA. The casing broke at approximately 2 feet below grade and a 
temporary riser-pipe was later installed to grade. 

Construction details of the piezometers and the pumping well along with soil boring 
logs are included in Attachment A. 

PUMPING TEST SETUP 

Eight piezometers were installed around the pumping well at range of 14 to 61 feet. 
Five of the piezometers were screened in the RGA and three were screened in the 
shallow groundwater system. The piezometers were spaced at different directions, 
radiating from the pumping well (Figure 7-2). This design was intended to allow for 
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resolution of maximum and minimum directions of hydraulic conductivity as per 
Papodopolous (1965) and Hantush and Thomas (1966). The shallow piezometers were 
useful in evaluating leakance from the shallow groundwater system to the RGA. 
Placement of three piezometers along one ray was designed to allow for distance 
drawdown analysis. 

Pumping System 

The pump used for the test was a Goulds 150L submersible pump capable of delivering 
150 gpm against 700 feet of head. The pump was sized based on values of specific 
capacity and flow rate during development of the pumping well and consideration of 
the head loss across the entire testing system. 

The total depth of the pumping well (PW1) was 100 feet. The pump was lowered 
down the well so that the water intake was at a depth of 94.5 feet. The static water 
level was at 49 feet below grade. Approximately 45.5 feet of water was available in the 
well for drawdown before the top of the pump was exposed to air. 
Three-inch-diameter black steel pipe was used as a discharge line within the well. 
Three-inch flexible hosing was used to connect the black steel discharge line to 
3-inch-PVC piping at ground level. A sampling tee was installed at the wellhead for 
the collection of groundwater samples. 

The 3-inch-PVC pipe was reduced to 3 feet of 2-inch-PVC straight pipe leading into a 
Great Lakes impeller-style flow meter. The flow meter was electronically integrated 
with the Campbell Datalogger, which kept instantaneous and accumulative flowrates. 
At least 3 feet of 2-inch- PVC led from the Great Lakes flowmeter to another PVC 
straight-pipe of the same diameter. This pipe led to a turbine style flowmeter installed 
to check the performance of the Great Lakes flowmeter. At least 3 feet of 2-inch-PVC 
pipe led from the turbine-style flowmeter before expanding back to 3-inch-PVC pipe, 
which led to a 3-inch globe valve. The 3-inch pipe leading from the globe valve 
expanded to 4-inch pipe which led to the north-south diversion ditch. A portable 
gasoline-fueled generator was used to power the pump, lights, and other electrical 
devices used to conduct the pumping test. 

Monitoring System 

Monitoring of background, drawdown, and recovery data was performed by several 
Campbell Scientific 21X dataloggers and a Hermit 1,OOOC datalogger. Both datalogger 
types were integrated with Druck pressure transducers of varying pressure ranges. The 
software program, "WATLEV7.DLD," developed by CH2M HILL and used routinely 
for long-term monitoring of water levels, was downloaded into the dataloggers. A 
portable microcomputer was used to communicate with each datalogger. 
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Eight piezometers were installed for the pumping test, and four existing monitoring 
wells in addition to the pumping well and an abandoned pumping well hole were 
monitored with dataloggers during the pumping and recovery tests. The shallow 
groundwater system monitoring network included PZ-3S, PZ-4S, PZ-SS, MW- 164, and 
MW-166. The RGA monitoring network included PZ-lG, PZ-2G, PZ-3G, PZ-4G, 
PZ-SG, MW-163, MW-165, the pumping well (PWl), and PWl (Defunct). Water levels 
in monitoring wells MW-173, MW-174, MW-177, MW-178, MW-181, and MW-182 were 
measured on a daily basis during the pumping test. 

Each transducer was installed at a depth below the water level roughly equivalent to its 
rated psi. In this way, the full measurement range of the transducer was used. 
Transducers were secured to the standpipes. 

The transducers were connected to the dataloggers, which were enclosed in rain-proof 
cases. All dataloggers were located within the perimeter of the pumping test zone. 
Transducer extensions were used to monitor MW- 165 and MW- 166, approximately 
150 feet from the pumping well. An In-Situ datalogger was located at MW-163 and 
MW-164 and monitored water levels at this location. All dataloggers were programmed 
with the same time and Julian day, so that recordings made at all locations could 
accurately be compared. 

Transducer Tests 

Changes in monitoring well and piezometer water levels were recorded using Campbell 
Scientific and In-Situ dataloggers connected to Druck pressure transducers. 
Transducers used for the pumping test were rated at 5, 10, 20, and 50 psi. The 5-psi 
transducers were installed in the more distant piezometers and the shallow groundwater 
system piezometers. The 10- and 20-psi transducers were used on the RGA 
piezometers closer to the pumping well. The 50-psi transducer was installed in the 
pumping well. 

Several transducers were tested for measurement drift and accuracy. This testing was 
performed indoors under controlled conditions prior to mobilizing to the field. Drift 
testing was performed on eight transducers by submerging them in a bucket of standing 
water and collecting measurements for an 8-hour period. Transducer drift ranged 
from .01 to 0.05 foot over a half-hour period. Fluctuations over 0.02 foot are attributed 
to external influences since the fluctuations were not random but synchronized over all 
of the transducers. 

The accuracy of eight transducers was tested under controlled conditions indoors. 
Accuracy testing was performed by subjecting the transducer to pressures ranging from 
1 psi to its rated pressure while checking instrument response. All transducers 
responded to within 2 percent of the test pressures. 
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BACKGROUND WATER LEVELS AND BAROMETRIC PRESSURES 

Background water levels were recorded for periods ranging from 2 days to 15 days 
prior to the pumping test in all wells that were monitored during the pumping test. 
Only 2 days of data were available for piezometers PZ-4s and PZ-5s because 
transducers were inadvertently removed and not replaced. Depth to water 
measurements were also taken on select days from wells MW-177, MW-178, MW-173, 
MW-174, MW-181, and MW-182. 

A barometer was connected to the datalogger at one of the background well locations 
at the beginning of the 2-week monitoring period. However, when the well pads were 
being completed, the barometer was taken down from its position and was not put back 
properly. Barometric pressures obtained from this instrument therefore could not be 
used. Barometric readings were obtained from the Paducah Weather Station for the 
duration of the background monitoring period and the pumping and recovery test 
period. 

STEP-DRAWDOWN TEST 

A step-drawdown test was conducted on the pumping well on June 9, 1991, before the 
constant rate pump test. The step-drawdown test was planned by first recording a 
flowrate of 180 gpm at a drawdown of about 33 feet of the available head of 50 feet. 
This was considered the last step, as drawdown conditions over 2/3 available head are 
very unstable. Since reducing the pumping rate under 60 gpm resulted in pressure 
conditions over 100 psi, which is beyond the tolerance of the Great Lakes flowmeter, a 
range of 120 gpm remained for partitioning steps for the step-drawdown test. 

Four pumping steps were performed at 64 gpm, 108 gpm, 147 gpm, and 178 gpm. 
During the fourth step, the pump rate had to be reduced to 152 gpm after 10 minutes 
of pumping because of the decreased specific capacity after 3 hours of pumping. 

CONSTANT RATE PUMPING TEST 

The 72-hour constant rate pumping test was performed from June 12 to 15, 1991. 
CH2M HILL, Eberline, and Brotcke personnel provided continuous coverage of the 
test. Before the test was started, water levels were measured in each of the monitoring 
wells to be monitored during the test. The dataloggers were programmed to record 
water levels at 5-second intervals just prior to the start of the test. The test began at 
9 5 0  a.m. on June 12, 1991, and the well was pumped at 92 gpm. The plot of 
step-drawdown data suggested that pumping the well for 72 hours at the second 
step (108 gpm) would consume slightly less than the total available head. The lower 
pump rate was used to ensure that the aquifer would not be dewatered and the test 
could be conducted over the entire 72-hour period. 
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The dataloggers were switched to 1-minute recording intervals shortly after the test 
startup and to 15-minute intervals after drawdown levels had stabilized. These 
recording intervals were changed only after the difference between successive 
measurements was less than 5 percent of the total drawdown up to that time. 

Data were periodically downloaded from the dataloggers throughout the duration of the 
test. The data were reduced and plotted to monitor the shape of the drawdown curves 
and the progress of the test. Hardcopy drawdown plots were generated in near real 
time from a printer installed in the field van. These plots were made available to 
Martin Marietta personnel and CH2M HILL team management and technical 
personnel. Flow rate was closely monitored on both flow meters throughout the test to 
ensure that the flow rate was kept at a constant rate of 92 gpm. 

The total volume of water discharged during well development was 14,000 gallons, 
whereas the step-drawdown test discharged 34,260 gallons. The constant rate test 
discharged 397,440 gallons. 

RECOVERY TEST 

The pumping well and all wells and piezometers were monitored during the recovery 
period from June 15 to June 18, 1991. Before the pump in PW-1 was shut off, 
datalogger recording intervals were changed to 5 seconds. The pumping was stopped 
at 9 5 0  a.m. on June 15. The datalogger was switched to 1-minute recording intervals 
shortly after the test ended and to 15-minute intervals after recovery levels had 
stabilized. These recording intervals were changed only after the difference between 
successive measurements was less than 5 percent of the total recovery up to that time. 

Drawdown data from the start of the pumping test to the cessation of pumping were 
downloaded immediately after the pump was shut down. Recovery data were collected 
from the cessation of pumping until 955  a.m. on June 18, 1991. 

GROUNDWATER SAMPLING 

Groundwater samples were collected from the pumping well to determine whether 
groundwater quality was in compliance with the discharge permit. Samples were 
collected after the pump was installed, during the step-drawdown test, and during the 
constant rate step-test. Samples were collected from the sampling tee installed at the 
pump head. Sample bottles were provided by PGDP. Approximately 1 gallon of water 
was purged from the flow line through the sample port before the samples were 
collected. 

After the samples were collected, the bottles were labelled to indicate the date, time, 
location of sample, and sampler’s initials. Samples were sealed in a ziploc bag and 
placed on ice in a cooler until delivery to the PGDP laboratory. A chain-of-custody 
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form was completed for the samples in each cooler that was delivered to the 
laboratory. Samples were analyzed for TCE, uranium, Tc-99, fluoride, aluminum, 
chromium, copper, iron, nickel, zinc, nitrate, sulfate, chloride, M. alkaline, P. alkaline, 
silicon, manganese, potassium, calcium, magnesium, and sodium. 

ANALYSIS AND RESULTS 

BACKGROUND WATER LEVELS AND BAROMETRIC PRESSURE 

Changes in barometric conditions commonly cause water level variations in wells and 
piezometers screened in confined aquifers (Todd, 1980). The relationship is inverse: 
increases in barometric pressure cause a decrease in the water levels. Changes in 
background water levels were plotted against changes in barometric pressure for each 
of the piezometers and wells tested at the PGDP. The water level changes are 
expressed as deviations from the mean water level for the measurement period. The 
barometric data are an expression of the changes in barometric pressure over the 
testing period relative to the first barometric reading. These changes are also 
expressed as deviations from the mean. This allows for comparison of both series on 
the same graph. Both series are expressed as equivalent feet of water head. The 
barometric pressure over the entire testing period is presented in Attachment B. The 
pumping test and recovery periods are designated in this plot. The water-level- 
barometric plots are also presented in Attachment B. 

Barometric efficiency is expressed as: 

B = h/Ap 

where 

h = piezometric change (ft of water) 
p = barometric change (ft of water) 

Although actual calculations of barometric efficiencies from the plots were not 
performed, it appears that the water levels in the gravel aquifer wells are almost totally 
dependent on barometric changes. In the shallow wells, however, water level response 
to fluctuations in barometric pressure is not nearly as evident, if discernable at all. 
Barometric efficiencies were calculated for each of the plots by measuring the 
approximate amplitudes of related peaks of each series, then dividing the barometric 
amplitude into the water level amplitude. Peaks representative of the relationship 
across the entire measurement period were chosen in each well. These values are 
presented in Table 7-1. 
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Table 7-1 
Barometric Efticiencies 

PGDP Phase I1 Site Investigation 

Well 

PZ-1G 

PZ-2G 

Approximate Value in 
Aquifer Percent 

RGA > 100 

RGA 100 

PZ-3G 

PZ-4G 

PZ-5G 

PZ-3s 

PZ4S 

PZ-5s 

MW-163 

MW-164 

MW-165 

MW-166 

OROR2/012.51 

RGA 100 

RGA 82 

RGA 100 

SGS Not Discernable 

SGS Not Discernable 

SGS Not Discernable 

RGA 100 

SGS 100 

RGA 100 

SGS 50 
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Because of the difficulty of measuring precise amplitudes, any pair of peaks that 
approximated 100 percent were assigned as such. Each of the RGA wells and 
piezometers is approximately 100 percent efficient except PZ-4G. The relationship in 
MW-164 is roughly equivalent to 100 percent but the overall pattern is vastly different 
from that of the gravel aquifer wells. Some other external influence such as infiltration 
has probably increased the range of the water-level series during the measurement 
period for this well. This has the effect of reducing the resolution on the barometric 
plot because the ordinate axis is expanded. This phenomenon occurs in each of the 
shallow groundwater system wells. 

Table 7-2 presents manual water level measurements taken from wells MW-173, 
MW-174, MW-177, MW-178, MW-181 and MW-182. 

STEP-DRAWDOWN DATA 

Time-drawdown data from the step-drawdown test were plotted as one complete series 
from the start of the step-drawdown test to the completion of the final step. This curve 
is presented in Figure C-1 of Attachment C. The irregular "bump" on the fourth step 
was the result of having to have to decrease the flow rate from 178 gprn to 156 gpm 
several minutes after advancing to the fourth step. This was necessary because the 
pumping level dropped precipitously just after advancing to the fourth step. It became 
apparent that the pumping level may have eventually fallen below the pump intake, 
and the flow-rate was consequently reduced. 

Table 7-3 presents the flow rates and drawdown values after 60 minutes of pumping for 
each of steps 1-4. Also presented in this table are the coefficients s/Q. These values 
are necessary for the graphical approach (Bierschenk [ 19641) to Jacob's (1946) solution 
for examining the performance of wells having turbulent flow: 

s = B Q + C Q '  

where 

s 
BQ = head loss due to laminar conditions in both aquifer and well 
CQ' = head loss due to turbulent conditions in both aquifer and well. 

= drawdown in a well (in feet) 
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Flow (Q) S 

(gpm) (ft) 

64 8 

s/Q 

.125 

156 I 35 I .224 

~~~~~~ 

106 

147 

Figure C-2 of Attachment C shows the coefficients s/Q plotted against flow rate. A 
best-fit line is drawn through the points from which the coefficients B and C can be 
derived according to the following straight-line equation: 

17 .160 

27 .184 

s/Q = CQ + B 

where 
B = the y-intercept 
C = the slope of the line 
Q = pumping rate (gpm) 
s = drawdown (ft). 

For the best-fit line drawn, B = .128 and C = 8.6 x 10-4. The ratio of laminar head 
loss to the total head loss expressed as a percentage is found by: 

L = (BQ / (BQ + CQ)) x 100 

where 

L = the total head loss attributable to laminar flow. 

Assuming a flow rate of 92 gpm, the percentage of laminar head loss to total head loss 
for the pumping well used in the pumping test equals 62 percent. 
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The well efficiency is expressed by Walton (1963) as the ratio of the actual specific 
capacity to the theoretical specific capacity. The theoretical specific capacity can be 
estimated from the nonequilibrium well equation (Cooper and Jacob, 1946): 

s = (264Q x log(.3Tt/r2S))/T 

where 
s = drawdown in the well in ft 
Q = yield in the well, in gpm 
T = transmissivity of the well in gpd/ft 
t = time of pumping in days 
r = radius of the well in feet 
S = storage coefficient of the aquifer 

By rearranging the terms, the specific capacity in gpm/ft is: 

Q/s = T/264xIog( .3Tt/r2S) 

The theoretical specific capacity can be derived by substituting representative values of 
transmissivity and storativity into the above equation. The theoretical capacity is 
calculated for 1 day of pumping by substituting .5 ft for r and using the mean 
transmissivity and storativity derived from the log/log drawdown and recovery plots as 
discussed in the constant-rate pumping test section. The average transmissivity and 
storativity from both the drawdown and recovery analysis was 48,539 gpd/ft and .015, 
respectively. The theoretical specific capacity is 27.9 gpm/ft of drawdown. After 
pumping PW-1 at 92 gpm for 1 day, the actual drawdown is 17 feet. This equates to a 
specific capacity in PW-1 of 5.4 gpm/ft of drawdown. Efficiency as defined by Walton 
is thus approximately 20 percent. This low efficiency value may indicate that much of 
the drawdown is attributed to poor well construction or lack of development. 

CONSTANT RATE PUMPING TEST 

Time-Drawdown Log/Log Plots 

Time-drawdown series were created for each well using a utility program that subtracts 
the head values monitored after the start of pumping from the static levels measured 
just before the start of pumping. All drawdown plots used to calculate transmissivity 
and storativity were generated from series corrected for the influence of barometric 
pressure. The resulting drawdown values are plotted against time from the start of 
pumping. Drawdown vs time curves for each of the wells monitored are presented in 
Attachment D. 

Time-drawdown data were manually matched to a family of type curves that model 
unsteady flow in leaky confined aquifers. These curves were selected because the RGA 
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was thought to be at least partially confined by the overlying interbedded clays and silts. 
There were no indications from the shape of the drawdown curves that unconfined 
conditions were prevalent in the pumping test area. Unconfined conditions normally 
result in drawdown curves with two breaks. The first break represents the unconfined 
aquifer responding as a confined aquifer from which the transmissivity and elastic 
storativity can be derived. The second break represents the completion of gravity 
drainage, which is common in geologic complexes with low relative vertical 
conductivities. The second break normally occurs within the first few hours of 
pumping. Finally, the efficiency of the RGA wells in response to the barometric 
changes strongly suggests the RGA is at least partially confined. 

The type curves used were developed by Cooper (1963) and obtained from 
Lohman (1978) (Attachment D). The method of curve matching the field data to these 
type curves allows for the approximation of the transmissivity, storativity and leakance 
of the leaky confined aquifer. This method is accurate, however, only when the 
hydraulic gradient throughout the confining bed adjusts instantaneously to the decline 
in head in the aquifer. This condition is generally true when (among other factors) the 
confining bed thickness is small or the rate of decline of head in the aquifer is slow. 
Even if these conditions do not persist in the confining layer, however, the use of the 
Cooper curves provide better approximations to aquifer transmissivity and storativity 
than the Theis curve alone when the results of a pumping test indicate that leakage 
occurs. 

The curve matching technique required superimposing the field data time-drawdown 
series curve (t vs s) on top of the solid type curves. The coordinate axis of both graphs 
were kept parallel and a match made where the earliest data was coincident with W(u). 
Matches were carefully made to avoid inclusion of early time data, which may be 
influenced by casing storage and localized soils not necessarily representative of the 
aquifer. If the data did not plot directly on one of the solid type curves then 
interpolation was required. After a match was made, the coordinates of a convenient 
match point were selected (s,t,L(u,v), l/u and v). The coordinates were then 
substituted into the following equations: 

T = 114.6QL(u,v)/s, 

S = Ttu/1.87r2, 

K’/b’ = 4Tv2/9 

where 

T 
S 
Q 

= Transmissivity (gpd/ft) 
= Coefficient of storage 
= Flow rate (gpm) 
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L(u,v) = The leaky well function of u 
U = 1.87r2S/Tt 
t = time since pumping started (days) 
r = distance from pumping well to observation well 
K = vertical conductivity of confining layer (ft/day) 
b = thickness of confining layer (ft) 
V = dimensionless parameter. 

Curve matches were made for each of the RGA wells PZ-1 through PZ-5. None of the 
shallow piezometers developed drawdown curves suitable for matching. The same is 
true for MW-165 and MW-166. Furthermore, it is not appropriate to match the 
shallow piezometer curves because of their apparent disconnection with the RGA. 
Although MW-165 is an RGA well, its position was not close enough to the pumping 
center to result in a drawdown pattern suitable for matching. The influence of 
barometric changes and heterogeneities in the aquifer caused enough fluctuations in the 
drawdown series to prohibit useful curve matching. 

The drawdown curve for PW-1 Defunct is a straight line with a slope of 1 to 1. This 
response is probably the result of a reduction in casing storage during the pumping test. 
The delayed drawdown indicates that PW-1 Defunct is probably "screened" in the 
shallow groundwater system. 

The match points generated from each of the curve matches are included on the actual 
field curves for gravel piezometers PZ-1G through PZ-5G. The match points are 
shown on the drawdown curves in Attachment D. The match point coordinates, 
resulting transmissivities, storativities, and leakance values are presented in Table 7-4. 
Drawdown curves for each of the shallow piezometers, MW-165 and MW-166 and 
MW-163 and MW-164, are also included in Attachment D. 

The transmissivities for all piezometers except PZ-4G average 45,917 gpd/ft and range 
from 43,920 gpd/ft in PZ-3G and PZ-5G to 47,913 gpd/ft in PZ-1G and PZ-2G. 
Storativities range from 0.006 in PZ-1G to 0.061 in PZ-3G, with a geometric mean 
of 0.015. The geometric mean of leakance is .0220 gpd/ft3. The considerably lower 
transmissivity in PZ-4G may be attributed to localized deposits of low-permeability 
sediments. These sediments may not possess the same RGA characteristics that allow 
the well to recover as quickly from the capture of water as a result of pumping. These 
sediments may also act as a barrier to the re-supply of water from the region of the 
aquifer surrounding the well. 

The lower transmissivity in PZ-4G may also be an artifact of piezometer construction. 
It is not possible to be certain that data obtained from each piezometer are 
representative of aquifer conditions. Complications associated with installing well 
screens in silty deposits often prevent perfect hydraulic communication with the aquifer 
being tested. Well PZ-4G was augered to the bottom of the RGA. This augering may 
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PZ-IG I 1 

PZ-2G 

PZ-3G 

PZ4G I I 

PZ-5G 1 

‘Table 7-4 
Aquifer Coeflicients From Logbop: Drawdown Matches 

IWDP Phase I1 Site Investigation 

1 1 1.1 

1 I 0.24 

t 
(min) 

0.42 

0.26 

0.75 

X) 

4 

0.005 23.5 47,913 6,405 0.0084 0.0087 

0.01 14.1 43,920 5,872 0.0615 0.0884 

0.3 31.6 9,583 1,281 0.2851 3.4547 

0.02 60.8 43,920 5,872 0.0176 0.0190 

Mean Excluding PZ-4G 

Geometric Mean Excluding PZ-4G 0.0150 0.0220 



have caused a skin to form on the borehole face, inhibiting continuity with the 
formation and accounting for the spurious data. The hole was backfilled by allowing 
surrounding formation material to collapse and fill the void. This may have 
undermined the confining beds just outside the borehole in the shallow groundwater 
system. Possible breaching of permeable deposits in the shallow groundwater system 
could increase the leakage to the regional groundwater system in the vicinity of PZ-4G. 

The storativity values are abnormally high for an aquifer with a barometric efficiency of 
100 percent. The high storativities may be an artifact of the skin effect, which would 
act to delay drawdown in the piezometers. In addition, barometric efficiencies of 100 
percent are uncommon and may be the result of anomalous data. 

Time-Drawdown Semi-Log Plots 

Semi-log plots were generated from the time-drawdown series for analysis by the 
Cooper-Jacob (1946) straight-line method. The method is a simplification of the 
nonequilibrium well equation and is represented by: 

T = 264 Q 
As 

where T = transmissivity in gpd/ft 
Q = pumping rate (gpm) 
As = change in drawdown per log cycle (ft) 

Strict application of the Cooper-Jacob method precludes analysis of data from leaky 
aquifers. However, best-fit straight lines were carefully drawn across the data before 
the field curve departed from the Theis-type curve, as shown in the log-log curves. 
These data are theoretically yet to be influenced by leakage. 

Semi-log plots were generated for piezometers PZ-1G through PZ-SG, except for 
PZ-4G and are included in Attachment E. Best-fit lines were drawn through the data, 
and delta s values were obtained. These values were inserted into the above equation 
and transmissivities were computed. The results are presented in Table 7-5. 

As discussed, the log-log curve for PZ-4G suggests that it is partly disconnected from 
the RGA. Furthermore, the curve departs considerably from the Theis-type curve, 
suggesting that leakage is significant in this region of the aquifer. Accordingly, PZ-4G 
was not analyzed by this method. 
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Well 

PZ-1G 

PZ-2G 

PZ-3G 

PZ-5G 

Distance-Drawdown 

S T T 
(ft) (gPd/ft) (ft2/day) 

0.48 50,600 6,765 

0.50 483 76 6,494 

0.80 30,360 4,059 

0.50 483 76 6,494 

In a distance-drawdown analysis, the drawdown from each well at a different distance 
from the pumping well is plotted for a time, t. A semi-log plot of distance vs. 
drawdown should result in a straight line. This application, however, is valid only for 
isotropic and homogeneous aquifers. 

A distance-drawdown plot was derived from the drawdown values for PZ-3G, PZ-4G, 
and PZ-5G. Drawdown values were obtained from the drawdown curves for each well 
at 1000 minutes of pumping. The drawdown values were then plotted for each 
piezometer at its respective distance from the pumping well. The distance-drawdown 
plot is shown in Attachment F. Connecting the drawdown values for each of the wells 
does not result in the classic straight line fit normally observed for distance-drawdown 
plots. This irregular line can be attributed to the erratic behavior of PZ4G as a result 
of aquifer heterogeneity or well construction. A best-fit line, however, can be 
hand-drawn to estimate transmissivity by the following equation: 

l 

I 

T = 528Q/s 
(Driscoll, 1986) 

where 

T = transmissivity in gpd/ft 
Q = flow rate in gpm 
s = change in drawdown in feet per log cycle 

The slope of the best-fit line of the distance-drawdown plot is 1.4 feet. Substituting 
into the above equation results in a transmissivity of 34,697 gpd/ft. It must be 
understood, however, that this value was derived from a best-fit line drawn with the 
knowledge that the data from PZ-4G are spurious. 
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Anisotropy 

An evaluation of aquifer anisotropy was performed with the assumption that the lower 
transmissivity values observed in PZ-3G and PZ-SG are the result of anisotropy. The 
lower transmissivity values obtained from the log/log match analysis may in fact, be the 
result of either aquifer heterogeneity or an artifact of well construction. The shapes of 
the drawdown and recovery curves for PZ-4G are considerably different than that of 
the other curves, suggesting that different aquifer conditions exist around PZ-4G. This 
is a strong argument for heterogeneity, and not necessarily anisotropy, to account for 
the lower values in PZ-3G and PZ-SG. The depositional conditions that persisted 
during formation of the Lower Continental Deposits may, however, account for 
conditions of anisotropy. High-energy stream deposits resulted in the formation of 
elongated gravel lenses which locally extend in one direction. This structure could 
result in anisotropic conditions. 

Conditions of anisotropy were evaluated using software developed by In-Situ, 
Inc. (1987), called Papodop. The software incorporates the method developed by 
Papodopolous (1965) for nonsteady flow in an infinite anisotropic aquifer. The method 
solves for the magnitude and orientation of the maximum and minimum conductivity 
directions which exist in anisotropic aquifers. The theory uses the Laplace 
transformation and is ultimately solved with a system of simultaneous equations. The 
theory is summarized in Attachment G. 

Papodop executes the analysis by accepting the data for at least three test wells at 
different distances and directions from the pumping well. The well field must be 
identified in an XY coordinate system with the pumping well considered the origin. 
The program prompts for the x,y coordinates, the match-point coordinates and the 
flow-rate and outputs the transmissivity, storativity and leakance values for each well. 
The output also includes the maximum transmissivity, minimum transmissivity, and the 
direction of the maximum transmissivity. 

Only the match-point data from PZ-lG, PZ-2G, PZ-3G and PZ-5G were input to the 
program. When the data for PZ-4G were input, the program responded by rejecting 
any three well combination including this piezometer. The program requires 
consistency in storativity values among the match points. The storativity for PZ-4G, 
however is significantly greater than that for the other wells. Furthermore, as 
discussed, the transmissivity value for PZ-4G is far below the results for the other 
piezometers. 

Output from Papodop are included in Attachment G . The major transmissivity is 
65,409 gpd/ft. The minor transmissivity is 32,182 gpd/ft. The direction of the major 
transmissivity is nearly due east. 
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According to Hantush (1966) the shape of the equal drawdown ellipse is dictated by 
the following relationship: 

a b  = (Tx / Ty)'" 

where 
a 
b 
Tx = Major Transmissivity 
Ty = Minor Transmissivity 

= the length of the major axis 
= the length of the minor axis 

The ratio of a to b is 1.4 by the expression above. Figure 7-3 illustrates the shape and 
orientation of the cone of equal drawdown that could occur in the vicinity of the 
pumping test area based on the above relationship. This ellipse does not represent the 
cone of depression resulting from a particular flow-rate after time (t). It simply 
presents the shape and direction of the equal drawdown ellipse. 

The equal shape and direction of the equal drawdown ellipse is only as valid as the 
transmissivity data input to the Papodopolous solution. The figure is meant only as a 
possible depiction of drawdown conditions that would result if the lower transmissivity 
values in PZ-3G and PZ-SG are in fact the result of anisotropy. 

RECOVERY TEST 

The recovery series was generated by subtracting the head value recorded just before 
the pump was stopped from each of the subsequent values. This series was plotted 
against the time since pumping stopped. Recovery plots were done for piezometers 
PZ-1G through PZ-5G. Each recovery series used to generate coefficients of 
transmissivity and storativity were corrected for barometric pressure fluctuations. The 
recovery plots are included in Attachment H. The match-points and their values are 
included on the recovery plots for each of these piezometers. The resulting aquifer 
coefficients are presented in Table 7-6. 

The transmissivities from the recovery matches, excluding PZ-4G, range from 
45,830 gpd/ft in PZ-3G to 52,704 gpdlft in PZ-1G and average 49,160 gpd/ft. 
Storativities range from 0.0084 in PZ-2G to 0.033 in PZ-1G and have a geometric mean 
of .015. The geometric mean of the leakance values is .0300 gpd/ft3. 

TECH1/030.51 7-20 



S t r T T 
Piezometer L(u,v) l/u (ft) (min) V (W (gpd/ft) (fi2/day) S 

Drawdown 

PZ-1G 1 1 0.2 2 0.01 34.4 52,704 7,046 0.0331 

0.25 0.01 23.5 50,194 6,710 0.0084 PZ-2G 1 1 0.21 

PZ-3G 1 10 0.23 0.15 0.005 14.1 45,830 6,127 0.0128 

PZ-4G 1 1 1.3 110 0.4 31.6 8,108 1,084 0.3317 

1 PZ-SG 1 1 0.22 3.8 0.03 60.8 47,913 6,405 0.0183 

Mean Excluding PZ-4G 49,160 6,843 

Geometric Mean Excluding PZ4G 0.0160 

DEN/181R/052.5 1 

k’/b’ 
gpd/R” 

0.0178 

0.0364 

0.0231 

5.1968 

0.0467 

0.0300 
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Attachment A 
WELL CONSTRUCTION DIAGRAMS AND BORING LOGS 
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ELEVATION 

DRILLING METHOD AND EQUIPMENT CME 75 Ria: 7-3/4" OD CME Auaers: 3"xS CME Stainless Steel SamPler 
WATER LEVEL AND DATE N/A START 5/1/91 FINISH 5/2/91 LOGGER D. Geshwender 

DRILLING COMRACTOR. Brotcke Enqineerina Co., Inc. 

BORING NUMBER 

PZ1 SHEET 2 OF 3 

SME 

- 
CME 

STANDARD 
'ENETRATIOI 

TEST 
RESULTS 

6-6-6' 
(N) 

N/A 

N/A 

N/A 

N/A 

N/A 

NIA 

SOIL DESCRIPTION COMMENTS I I 

SANDY LEAN CLAY (CL), moderate 
reddish brown (10 R 4/6) , moist, sand 
'ine grained and micaeous (30-40% 
sand), soft 

SANDY LEAN CLAY (CL), same as 
above except 50% sand 

WORLY GRADED SAND (SP), 
noderate reddish brown (10 R 4/6) 
noist, medium to fine grained, 
nicaeous 

WELL GRADED SAND WIGRAVEL 
(SW),moderate yellowish brown, sand 
medium, gravel subangular, wet 



PROJECT NUMBER 

N J030888.BA 

SOIL BORING LOG 

Aquifer Pump Test 
PROJECT PGDP Phase II Site Investigation LOCATION 

ELEVATION DRILLING CONTRACTOR Brotcke Enaineerina Co., Inc. 

WATER LEVEL AND DATE N/A START 5I1/9l FINISH 5I2/g1 LOGGER D. Geshwender 
METHOO AND CME 75 Rig; 7-3/4" OD CME Augers; 3"~5' CME Stainless Steel Sampler 

BORING NUMBER 

PZ 1 SHEET 3 OF 3 

iSAMPLE - 

>ME 

- 
CME 

- 

1.4 

- 
0.0 

- 

SOIL DESCRIPTION COMMENTS STANDARD 
'ENETRATION 

TEST 
RESULTS 

6-e-6" 

r! DEPTH Of CASING, 
-A DRILLING RATE, 0 m a INSTRUMENTATION 

SOIL NAME, COLOR. MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

DRILLING FLUID LOSS, 
TESTS AND 

fn-l 
(N) 

I End of Boring I 



PROJECT NUMBER 
NJ030888.BA 

I SOIL BORING LOG I 

BORING NUMBER 

SHEET 1 OF 3 PZ2 

Aquifer Test Area 

ELEVATION 
DRILLING METHOD AND EOUIPMENT CME 75 Rig; 7-3/4" OD CME Augers; 3"xS CME Stainless Steel Sampler 

DRILLING CONTRACTOR Brotcke Enqineerinq Co., Inc. 

WATER LEVEL AND DATE - I I 
SOIL DESCRIPTION 

>ME 

I COMMENTS I 

2ME 

- 
2ME 

- 
>ME 

CME 

- 

1.7 

1 .o 

4.6 

- 
5.0 

4.0 

- 

STANDARD 
ENETRATlOl 

TEST 
RESULTS 

6--6.-6. 
(N) 

N/A 

N/A 

NIA 

N/A 

N/A 

N/A 

SOIL NAME, COLOR. MOISTURE CONTENT. 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

0 
-1 B 
5% 
(D-1 

DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS. 
TESTS AND 
INSTRUMENTATION 

I 1 

Bkgd: HNu=O ppm; Rad-35 cpm 

Nn Rornvorv 



PROJECT NUMBER 

NJ030888.BA 

SAMPLE 

BORING NUMBER 

PZ2 SHEET 2 OF 3 

SOIL DESCRIPTION STANDARD 
'ENETRATION 

TEST 
RESULTS 

6*-6*-66' 
(N) 

N/A 

I COMMENTS 

N/A 

a 
h 
E 

30-35 

35-40 

40-45 

45-50 

50-55 

55-60 

N/A 

o &  
sk w 

gP c2 UtL, 
lug B 

CME 5.0 

CME 5.0 

CME 5.0 

CME 2.8 

CME 3.7 

CME 1.4 

N/A 

same as above 
2.8 :WELL GRADED GRAVEL 
W/SAND (GW), moderate brown (5 YR 
4/4) wet, subrounded gravel, fine to 
coarse sand 

WELL GRADED GRAVEL W/ SAND (GW), 
same as above 

- 

N/A - 
::<:<:<': Rad= 35 cprn 

-m*'=-*o~go I P.P. = 2.75 kg/cm2 for CL - ... .'**=.. ... ; ....... ....... ' ........ - . . .  ... ... ... ... ... 

- 

-.a.m... 
- . ....... I -.*.-.-. 8 

**;-;-: 'HNu = 0 ppm ....... -:......#Rad= ... 35 cprn - ... ....... ....... ....... , ... T, P.P. = N/A ... ... ... ... -....... . - ....... I ....... 1 ....... ....... - . . .  - ... 

N/A 

DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 

m-l INSTRUMENTATION 

SOIL NAME, COLOR, MOISTURE CONTENT. 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 



PROJECT NUMBER 
N J030888.BA 

I I 

PGDP Phase I I  Site Investigation L ~ A T D ~  Aauifer Test Area 

METHOD AND EWIPMENT CME 75 R i a  7-314" OD CME Augers; 3"x5 CME Stainless Steel Sampler 

PROJECT 

ELEVATION 

WATER LEVEL AND DATE N/A START 5/14/91 FINISH 5/15/91 LOGGER G. Schaefer 

DRIU~NG CONTRACTOR Brotcke Enaineerina CO., Inc. 

BORING NUMBER 

PZ2 SHEET 3 OF 3 

>ME 

CME 

- 

N/A 

N/A 

SOIL DESCRIPTION 

No Recovery 

No Recovery 

End of Boring 

I COMMENTS 

HNu = 0 ppm 

P.P. = N/A 
Rad = N/A 

rig chatter 

~ 

HNu = 0 ppm 

P.P. = N/A 
Rad = N/A 

rig chatter 



PROJECT NUMBER 

NJ030888.BI 

o &  
a w  Y 

cs ULL 

ZK 

ks sc 
N/A 2.5 

N/A 5.0 

N/A 5.0 

N/A 5.0 

N/A 5.0 

N/A 5.0 

BORING NUMBER 

PZ3G SHEET 1 OF 3 

STANDARD 
'ENETRATIOI 

TEST 
RESULTS 

6.-6'-6' 
(N) 

SOIL DESCRIPTION 

N/A 

I COMMENTS 

N/A 

N/A 

N/A 

0 2 

28 

SOIL NAME, COLOR. MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY SOIL 

SYMBOL 
STRUCTURE, MINERALOGY, USCS G R ~ P  

rnd 

N/A 

DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 
INSTRUMENTATION 

N/A 

LEAN CLAY W/ SAND CLL moderate 
yellowish brown (10 YR 5/4), hard, slightly 
moist, crumbles Pocket Pen (P.P.) = >4.5 k g k  

LEAN CLAY CCL), brownish gray (5 YR 
4/1), soft, moist, plastic 

P.P. = 0.5-2.25 kg/cm2 

(N7), slightly moist, stiff 

yellowish brown (10 YR 6/2) and light gray 
(N7), and moderate yellowish brown (10 
YR 6/6), ferrous nodules, very stiff, 
crumbles 

- 
gray (5 YR 6/1), stiff, slightly moist, 
crumbles - 

LEAN CLAY W/ SAND (CL), same as 
above except mottled with moderate 
yellowish brown (1 0 Y R 6/2) 

- 

P.P. = 2.75-3.25 kg/cm2 - 
- 
- 

SANDY LEAN CLAY W/ SAND (CL), 
noderate yellowish brown (1 0 YR 5/4), stiff, 
noist, crumbles 

CI AYFY SAND W/GRAVFI ISC subangular, - 
moderate brown (5 YR 4/4), moib 

- 

- 

- 



PROJECT NUMBER 
NJ030888.BI 

5.0 

- 
5.0 

BORING NUMBER 

PZ3G SHEET 2 OF 3 

3.5 

- 
0.5 

- 

SOIL DESCRIPTION STANDARD 
'ENETRATIOE 

TEST 
RESULTS 

6*-6.-6' 
(N) 

COMMENTS 1 

N/A 

- 
WELL GRADED GRAVEL W/ SAND 
(GW), moderate brown (5 YR 4/4), well 
graded sand, subangular gravel up to 
1.5" dia., wet 

N/A 

... 
mm:m:m:: ...... HNu = 0 ppm -:.=..*..=., Rad= 30 cpm - ... 

P.P. = 0 kg/cm2 - .=.=... ....... ' ... 
1 1 .  

N/A 

_..-..-..-.I - ... ... - . . .  ... 
....... 
.a.m... - ...-... I ....... ... 1 

NIA 

N/A 

~ 

N/A 

SOIL NAME COLOR MOISTURE CONTENT, 

STRUCTURE, MINERALOGY. USCS GROUP 
SYMBOL 

RELATIVE ~ENSITY OR CONSISTENCY, SOIL 
DEPTH OFCASING, 
DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 
INSTRUMENTATION 

i SANDY LEAN CLAY ICL), moderate 
yellowish brown (10 YR 5/2), mottled with 
light gray (N7), stiff, wet, plastic 

HNu = 0 ppm 
Rad = 40 cpm 
Pocket Pen. = 0.75-3.5 
kg/cm2 

- 
CLAYEY SAND (SCL moderate yellowish 
brown (10 YR 5/41, very moist, plastic 
SANDY LEAN CLAY (CL), mottled - 
moderate yellowish brown (10 YR 514) and 
medium gray (N5), ferrous nodules, stiff , - P.P. = 0.5-30 kg/cm2 - 

HNu = 0 ppm 
Rad = 40 cpm 

= 0 pprn 
= 40 cpm 
0.5-3 0 kg/cm2 

CLAYEY SAND (SCI, moderate yellowish 
- broj 

les sbpped drillng to set casing at 14:X 
- SANDY LEAN CLAY (CL),same as 

above, except very moist to wet probably 
due to downhole water collected from 
grouting 

vA Resumed drilling 4411191 at 13:45 

HNU=OPJNI - 
Rad=26cpm 
PI? =0->45kgeIl? - 

- 
AN moderate 

brown (5 YR 4/4), moist, hard, crumbles HNu = 0 ppm 
Rad = 45 cpm 
P.P. = 1 .O-2.5 kg/cm2 

- 
7 

moderate brown mottled with gray, moist, 

M o i s t ,  light gray (N7) 

i POORLY GRADED SAND W/ CLAY 
(SP-SC), mottled moderate brown 
(5 YR 4/4) and light gray (N7), stiff, 
moist, some ferrous material 



PROJECT NUMBER 
N J030888.B I 

I I 

~ LOCATION c535-c537 PRwCT 

ELEVATION DR~UING ~ R A C T ~  Brotcke Enqineerinq Co., Inc. 
PGDP Phase II Site Investigation 

I . n  f 

DRILLING METHOD AND EQUIPMENT CMF 75 7-314 OD 3 x5 wer 

BORING NUMBER 

PZ3G SHEET 3 OF 3 

N/A 

1 

COMMENTS SOIL DESCRIPTION 

0 DEPTH OF CASING, 
i DRILLING RATE, SOIL NAME COLOR, MOISTURE CONTENT. 

RELATIVE dENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL E3 INSTRUMENTATION 

DRILLING FLUID LOSS, 
TESTS AND 

B 

:..(:.;;:.;..-...-. 
rnd 

, ::. ::. ::. . 
-.;...+...):..-s HNu = 0 ppm - 

WELL GRADED GRAVEL W/ SAND 
(GW), moderate brown (5 YR 4/4), well -':!::;....; - 
graded sand,subangular to angular gravel :..I-..::.; .:...:.. :* .: :. .. 

-. . ... :...: .... 

.. . :;.-:.!<.:::.: Rad = ..... 
P.P. = 0 

- 
up to 1.5" dia., wet .i.j::::.:::.:. .. . 

.:. ::::.;<...;: 
-,;+;:.:;.; 

- :::.;:<.;;<.;: P. P. = 0 
- :::;.... ;....; - 
..$-....). ::.:. 
..::<.:: ::::.. 

- ::....-....:.*. ::... - - ..... 

WELL GRADED GRAVEL W/ SAND 
(GW), same as above 

- . :...-:.-. . ... ::-..-;:.:. .... .: ..- HNu = 0 ppm - . .  :..-:.;;:.;;:.: Rad = 

:::.::.::: 

-. ... :... ......a. 

::. .. . .. . - 
. . .  

. : ... : : 
- . . . . . :.. 

...... 
I 

1 .o 

Lox- 
STANDARD 
ENETRATlOh 

TEST 
RESULTS 

6-e-6. 
(N) 

N/A 

N/A 

LOGGER a  START^^:^^, 411 0191 FINISH 15:13, 4/11/91 



PROJECT NUMBER BORING NUMBER 

PZ4G SHEET 1 OF 3 N J030888. FA 

SOIL BORING LOG 
A 

5.0 

SOIL DESCRIPTION 

5.0 

I COMMENTS 

5.0 

- 
5.0 

RELATIVE DENSITY OR CONSISTENCY, SOIL 
SOIL NAME, COLOR, MOISTURE CONTENT, 

STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

5.0 

- 

DEPTH OFCASING, s 0 DRILLING RATE, 
DRILLING FLUID LOSS, m 
TESTS AND E3 INSTRUMENTATION @-I 

STANDARD 
JENETRATIOI 

TEST 
RESULTS 

6'-6--6" 
(N) 

- 
SANDY LEAN CLAY (CL), modertae yellowish 
irown (10 YR 5/4), stiff, moist, crumbles - - 

N/A 

CLAYEY SAND W/ GRAVEL (SC), subangular 
chert, moderate brown (1 0 YR 4/4), moist 

Y I FAN CI AY 0, mottled pale 
(ellowish brown and gray, very stiff, moist, plastic 

- 
- 

N/A 

N/A 

N/A 

N/A 

NIA 

1 I 

Gravel fill, gray angular limestone Bkgd: HNu=O ppm; Rad=31 cpm 

HNu = 0 ppm 
Rad = 50 cpm 
Pocket Pen (P.P.) = 1.75-3.5 
kg/cm2 

LEAN CLAY (CLL moderate yellowish 
brown (1 0 YR 5/4), very stiff, moist, 
crumbles 

soil moist due to 

Rad = 38 cpm 
P.P. = 0.75-1.5 kg/cm2 

-,brownish gray 
(5 YR 4/1), soft, moist, plastic 

LEAN CLAY W/ SAND (CL), mottled pale 
yellowish brown (10 YR 612) and light gray 
(N7), slightly moist, stiff 

HNu = 0 ppm 
Rad = 33 cpm 
P.P. = 1.5-3.25 kg/cm2 LEAN CLAY W/ SAND (CL), mottled pale 

yellowish brown (10 YR 6/2), light gray 
(N7),and moderate yellowish brown (10 
YR 6/6), ferrous oxidation nodules, very 
stiff, crumbles 
-,same as 
above except with increased oxidation, 
approximately 30% ferrous material 

LEAN CLAY W/ SAND ICL),light brownish - 
gray (5 YR 6/1), stiff, slightly moist, 
crumbles 

- 
- 

HNu = 0 ppm 
Rad = 26 cprn 
P.P. = 3.25->4.5 kg/cm2 

-@A HNU = o ppm 
Rad = 54 cpm 
P.P. = 2.0-4.0 kg/cm2 

LEAN CLAY W/ SAND CL),same as 
above except mottled with moderate 
yellowish brown (10 YR 6/2) 



PROJECT NUMBER 

NJ030888.FA 
BORING NUMBER 

PZ4G SHEET 2 OF 3 

subangular gravel up to 1" diameter, wet 

... ... ... ... ... - . . .  ... 

-....... I ....... 4 -.. . ...a ....... I 
.a.m... 4 

- 9 .  . .I 
=......I 

PROJECT PGDP Phase II Site Investigation LOCATION c535-c537 

ELEVATION 

DRILLING M E T H ~  AND EQUIPMENT CME 75 Ria: 7-314" OD Hollow Stem Auqer; 3"x5' CME Stainless Steel Sampler 
WATER LEVEL AND DATE amrox. 30'. amrox. Vaauifer START 15156, 4/15/91 FINISH 13:48.4/17/91 LOGGER C. D. Webb 

DRILLING C W ~ C T ~ .  Brotcke EnQineerinq Co.. Inc. 

SAMPLE STANDARD 
'ENETRATION 

TEST 
RESULTS 

6'-6'-6- 
(N) 

SOIL DESCRIPTION 

SOIL NAME COLOR. MOISTURE CONTENT, 
RELATIVE dENSFY OR CONSISTENCY. SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 
INSTRUMENTATION 

SANDY LEAN CLAY (CL), moderate 
yellowish brown (10 YR 5/4), mottled with 
light gray (N7), stiff, wet, plastic 

HNu = 0 ppm 
Rad = 32 cpm 
P.P. = 1 .O-2.0 kg/cm2 

30-35 

- 
35-40 

N/A 

- 
N/A 

- 
N/A 

- 
N/A 

N/A 

35. 

40' 

45' 

50. 

55. 

AQ 

- 

kg/cm2 

drilling for the 

N/A HNu = 0 ppm 
Rad = 40 cpm 

16:40 Stopped 

P.P. = 0.5->4.5 

WFI I GRADFD SAND W/CI AY A M  
GRAVFI fSW-SC), mottled moderate 

SANDY LEAN CLAY (CL), mottled 
moderate yellowish brown (10 YR 5/4) 

- 

and medium gray (N5), ferrous nodules, - 
stiff moist, crumbles 

I 

4045 N/A - I  
113 I ,  Resumed drilling 13:00, 4/1 

Rad Background = 22 cprn 

HNu = 0 ppm 
Rad = 44 cpm 
P.P. = 0-A.5 kg/cm2 
0 P.P due to wet clay from 
accumulated downhole water 

HNu = 0 ppm 
Rad = 32 cpm 
P.P. = 2.5-4.25 kg/cm2 

SANDY), moderate 
brown (5 YR 4/4), hard, moist, crumbles. - 

mottled 
moderate brown (5 YR 4/4) and gray (N7),- 
gray patches are well graded sand, trace 
chert gravel, moist, very stiff, crumbles, - 
some ferrous material 

45-5c N/A 

50-55 N/A N/A HNu = 0 ppm 
Rad = 29 cpm 
P.P. = 1.25-3.0 kg/cm2 

-?- ?- 3- ?-?- 
WELL GRADED SAND CSWL moderate 
gellowish brown (10 YR 5/4), moist 
POORLY GRADFn SAND WITH CLAY AND 
GRAVFUSP-SC), mottled moderate brown (5 
YR 44) and light gray (N7), stiff moist, large 
subrounded cheh gravel up to 1" diameter 

WELL GRADED GRAVEL W/ SAND (GW), 
moderate brown (5 YR 4/4), well graded sand, 

-?- ? ?-?-?- 

55-60 

- 

N/A HNu = 0 ppm 
Rad = 36 cpm 
P.P. = 0 kg/cm2 



PROJECT NUMBER 
NJ030888.FA 

STANDARD 
~ENETRATIOI 

TEST 
RESULTS 

6-4-4- 
(N) 

BORING NUMBER 

PZ4G SHEET 3 OF 

N/A 

SOIL NAME, COLOR, MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 

N/A 

0 
d 

58 
v)-J 

SOIL DESCRIPTION 

WELL GRAD ED GRAVEL WEAN D (G W), 
moderate brown (5 YR 4/4), well graded 
sand, subangular chert gravel up to 1" 
diameter, wet 

WELL GRADED GRAVEL W/SAND (GW), - 
same as above, except with some 
subrounded gravel 

. . . ... ...... I ...... I -.-:--:- -1 ..... I -:.=..*..: ... ... ...... ' ...... I -. . .  ......, ...... I 
-......I ...... I 

-......I 

... ... ... ... ... 
::{:{:{ ... ... I ... ... ... ... ... 

...... I ...... -...... / ....... 
-.....a, ...... I ...... I - . . .  ...... / ...... I . . . . 

End of Log 
Boring continued to 107' 

~~ 

COMMENTS 

DEPTH OF CASING, 
DRILLING RATE. 
DRILLING FLUID LOSS, 
TESTS AND 
INSTRUMENTATION 

HNu = 0 ppm 
Rad = 29 cpm 
P.P. = 0 kg/cm2 

HNu = 0 ppm 
Rad = 32 cpm 
P.P. = 0 kg/cm2 
stopped sampling @ 13:48 to 
drill to a q u i f e r  

I A q u i f e r  bottom is 
approximately 107 ' below 
ground surface according to 
drillers f e e l  and rig action 



PROJECT NUMBER 

N J030888 .BA 

I I 

c535-c537 
PROJECT PGDP Phase ~ II Site Investigation LOCATION 

ELEVATION DRILLING CONTRACTOR. Brotcke Enqineerina Co., Inc. 
AND EOUIPMENT CME 75 Rig; 7-3/4" OD Hollow Stem Auger; 3"xS CME Stainless Steel Sampler 

1 1 

BORING NUMBER 

PZ5G SHEET 1 OF 

SOIL DESCRIPTION 

5.0 

I COMMENTS I 

5.0 

- 
5.0 

4E w- 
m u  
=Y 
kk 
E2 

- 
- 
- 
- 

5 
- 
- 
- 

- 

10 
- 
- 
- 
- 

15 
- 
- 
- 
- 

20 

- 

- 
- 

25 

- 
- 
- 
- 

30 

3.5 

- 

SAMPLE 

n 
zu $ au rs $ g1 

0-5 NIA 
Archwt 

5-10 N/A 
Archive 

10-15 N/A 
Archive 

15-20 

20-25 N/A 
Archivl 

25-30 N/A 
Archiv 

ITANDARD 
:NETRATION 

TEST 
RESULTS 

6.-6*-6' 
(N) 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

SOIL NAME, COLOR, MOISTURE W E N T .  
RELATIVE DENSITY OR CONSISTENCY, SOIL 
STRUCTURE. MINERALOGY, USCS GROUP 

-EAN CLAY W/SAND CL), mottled pale 
fellowish brown (10 YR 6/2) and light gray 
(N7), very stiff, moist, trace oxidized 
material 

yellowish brown (10 YR 6Q). light gray (N7), 
and moderate yellowish brown (10 YR 5/4), 
some ferrous oxide material, very stiff, moist, 
crumbles 
j-), same as above, 
except with increased oxidatioon, very oxidized 
in bottom 4" 

LEAN CLAY W/SAND (CLZ mottled dark 
yellowish orange (10 YR 6/6) and light 
brownish gray (5 YR 6/1) stiff to hard, softer 
and more plastic toward bottom due to 
increased moisture 

, light brownish gra 
(5 YR 6/1), heavily oxidized 1/4-1/2" chunks, 
very stiff, moist, crumbles 

LFAN CI AY WEAND (GL), light brownish gray 
(5 YR 6/1), mottled with dark yellowish orange 
(10 YR 6/6), and moderate yellowish brown 
(10 YR 5/6), stiff, moist, slightly plastic, some 
oxidation 

CL), moderate yellowish 
ottled with light gray (N7), 



PROJECT NUMBER 

NJ030888.BA 

~ 

PROJECT PGDP Phase II Site Investigation LOCATION c535-c537 

ELEVATION DRILLING CONTRACTOR Brotcke Enaineerina Co., Inc. 
D R ~ ~ ~ N G  METHOD AND EQUIPMENT CME 75 Ria: 7-3/4" OD Hollow Stem Auaer; 3"x5 CME Stainless Steel Sampler 
WATER LEVEL AND DATE STAM 12:30,4/19191 FINISH -LOGGER C. 0. Webb 

BORING NUMBER 

PZ5G SHEET 2 OF 3 

STANDARD 
JENETRATIOI 

TEST 
RESULTS 

6.e-6' 
(N) 

NIA 

NIA 

NIA 

NIA 

NIA 

I SOIL DESCRIPTION 

0 
~ SOIL NAME, COLOR. MOISTURE COMENT, 3 RELATIVE DENSrrY OR CONSISTENCY, SOIL 

STRUCTURE, MINERALOGY, USCS GROUP 
SYMBOL 58 m a  

DEPTH OF CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS. 
TESTS AND 
INSTRUMENTATION 

SANDY LEAN CLAY CLL moderate 
yellowish brown (10 YR 5/2), mottled with 
light gray (N7), stiff, wet, plastic, some 
oxidation stains and trace chert gravel 

HNu = 0 ppm 
Rad = 40 cpm 
P.P. = 1.5-3.0 kg/cm2 

f / / J  :;:.;..- -....:.... CLAYEY SAND (SC), moderate yellowish '. . .* . : 
brown (10 YR 5/4), wet, stiff, trace chert  gravel-^$^^^^:^^ 

SANDY I FAN CI AY fa), mottled moderate 
yellowish brown (10 YR 3/4) medium gray (N7), 

HNu = 0 ppm 
Rad = 52 cpm 
P.P. = 2.25-3.0 k /cm2 

to set isolation casina 
stopped drilling ? 319 ready 

moderate yellowish brown (1 0 YR 5/4) 
and medium gray (N5), trace chert, stiff 
to very stiff, some oxidation, wet, 
slightly plastic 

SANDY LEAN CLAY ICL), light brown 
(5 YR 5/6), moist, very stiff to hard, 
slightly plastic 

I - 

resumed drilling 0850 
4/24/91, Rad bkgd=28 cpm - 
HNu = 0 ppm 
Rad = 48 cpm 
P.P. = 2.0->4.5 kg/cm2 
approximately 3' of mud slop, - 
2' of true recovery due to - 
downhole water 

HNu = 0 ppm 

4 

- 

* m H n u =  no sample 
Rad = recoverv 

cap-no recovery 

? Chert gravel ? 

HNu = 0 ppm 
Rad = 39 cpm 
P.P. = 

, .-.-. 
WI-1 I GHAUI-U m V H  WI SANU G r  ...... ... 
moderate brown (5 YR 4/4), subangular .- .- .- 



PROJECT NUMBER 

N J030888 .BA 

I 1 
c535-c537 PROJECT PGDP Phase I1 Site Investigation I 

ELEVATION DRIUING COMRACT~ Brotcke Endneering Co., Inc. 
DRlulNG METHOD AND EOUIPMEM 

WATER LEVEL AND DATE approx. 30', approx. 57' aquifersTAm 

LOCATION 

CME 75 Rig; 7-314" OD Hollow Stem Auger; 3"x5' CME Stainless Steel Sampler 

17.30.4/19&   FINISH 10-33: 4/34191 LOGGER a 

BORING NUMBER 

PZ5G SHEET 3 OF 3 

SAMPLE 

WELL GRADED GRAVEL W/SAND (GW),-~~:=m:~ 
modertate brown (5 YR 4/4), subangular 
chert gravel, wet 

WELL GRADED GRAVEL W/SAND (GW), 
Same as above, except with some 
subrounded chert 

- 

N/A 
trchivc 

- 
N/A 

4rchivl 

.. .. .... I ...*. 
= . = a  -I.-..-, .. .. ....I ..... - . .  ..... ...-. -..... 

. - . -a  -..... 
.. .. .. .. .. ::{:{ .. .. .. .. .. . .  .. .. .. 

.=... ..... -..... ..... -..... ... =. ..... 

.-.a. ..... 
L 

2.0 

- 
2.0 

- 

N/A 

N/A 

SOIL DESCRIPTION I 
0 
-I 

SOIL NAME, COLOR MOISTURE CONTENT, 
RELATIVE DENSITY OR CONSISTENCY SOIL 

SYMBOL 
B 
IC 
*C m- 

STRUCTURE, MINERALOGY, USCS GROUP 

COMMENTS I 
DEPTH Of CASING, 
DRILLING RATE, 
DRILLING FLUID LOSS, 
TESTS AND 
INSTRUMENTATION 

HNu = 0 ppm 
Rad = 30 cpm 
P.P. = 
stopped drilling to bail 
formation water 

HNu = 0 ppm 
Rad = 28 cpm 
P.P. = 

Total depth- hole sanding in; ' 
visible on hex rods. Got 
approximately 1.5' on bottom 

1 



Attachment B 
BACKGROUND WATER LEVELS AND 

BAROMETRIC PLOTS 

NJTM1/030AS 1 
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BRRCJMETR IC PRESSURE 

FROM 512319 1 TO 6/ 18/9 1 

R ~ C O V E R Y  
I PERIOD 

JPUMPING ' 
PERIOD 

I 1 I 1 I I I 1 
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BRROMETRIC PRESSURE VS. BACKGROUND WflTER LEVEL 

EXPRESSED RS DEVlRTlONS FROM THE MEAN ~5/22/91-6/6/911 

i= 
L L  u 
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n a 
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I I I I I I 
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0. 40. 80. 120. 160. 200. 
MINUTES m 1 0 2  

PZ- 1 G 
BAROMETER 

0 MEFlN = 20.335 
A MEAN = -0.167 
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BAROMETRIC PRESSURE VS. BACKGROUND WRTER LEVEL 

EXPRESSED FiS DEV I A T  I CINS FRCIM THE MERN W 3  1 /9 1 -6/7/9 11 

I 

I I I I I 
0. 20. UO. 60. 80. 100. 

MINUTES m102 

PZ-hG 
BAROMETER 

0 MEnN = 15.919 
A MEAN = -0.172 



BAROMETRIC PRESSURE VS. BACKGROUND WRTER LEVEL 

EXPRESSED flS DEVIATIONS FROM THE MEFtN (5/31/91-6/7/911 

0. 20. !lo. 60. 80. 100. 

MINUTES m102 

PZ-5c 
BAROMETER 

0 MEFlN = 17.673 
A MEAN = -0.172 
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BRRBMETRIC PRESSURE US. BRCKGRBUND WRTER LEVEL 

EXPRESSED RS DEVlFlTlClNS FRBM THE MERN [6/10/91-6/12/91) 

0. 50. 100. 150. 200. 250. 
MINUTES 4 0 '  

PZ-5s 
BAROMETER 

0 MERN = 10.950 
A MEAN -0.079 



BAROMETRIC PRESSURE VS. BACKGROUND WRTER LEVEL 

EXPRE5SED RS DEVIATICINS FROM THE MEAN 15/23/91-6/8/911 

I I I I I 
0. !40. 80. 120. 160. 200. 

MINUTES m10* 

MW-163 0 MERN - 10.5U6 
BAROMETER A MEAN -0.1117 



BARCJMETR I C PRESSURE VS. BACKGROUND WRTER LEVEL 

EXPRESSED RS DEV I AT I ClNS FRClM THE MEAN (5/23/9 I -6/8/9 1) 
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MW- 1611 
BAROMETER 

0 MEQN = 5.952 
A MEAN = -0.1117 



BflROMETRlC PRESSURE VS. BACKGROUND WRTER LEVEL 

EXPRESSED RS DEVIRTICINS FRClM THE MERN [5/22/91-6/6/911 
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BflRCJMETRIC PRESSURE VS. BflCKFROUND WflTER LEVEL 

EXPRESSED RS DEVlflTIClNS FROM THE MEAN (5/22/91-6/6/911 

0. YO. 80. 120. 160. 

MINUTES m102 
200. 

PW-1 DEFUNCT 
BAROMETER 

0 MERN = 19.266 
A MEAN = -0.061 



Attachment C 
STEP-DRAWDOWN CURVES 
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Attachment D 
LOG-LOG DRAWDOWN CURVES 
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PZ-1G C[IRRECTED 

MATCHPOINT 

L (up) = 1.0 
l /u  = 1.0 

s = .22 ft. 
t = .42 min. 
v = .01 
r = 34.4 ft. 

I I ' ' I ' l l  
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PADUCOH PUMPING TEST 

DRAWDOWN CURVE CORRECTED FOR BAROMETRIC 

MINUTES 

PZ-5G CORRECTED 



PFlDUCAH PUMPING TEST 
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PADUCRH PUMPING TEST 

DRAWDClWN CURVE 

BACKGROUND FLUCTUATION PRIOR 
TO, INFLUENCE OF 'UMPING 

_____) 

MINUTES 

PZ-5s 
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111111110 
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Attachment E 
SEMI-LOG DRAWDOWN CURVES 
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PADUCAH PUMPING TEST 
SEMILOG DRAWDOWN CURVES 
CORRECTED FOR BAROMETRIC 

J S = 5 0  ft. 

MINUTES 

PZ-2C CORRECTED 
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Attachment F 
DISTANCE DRAWDOWN PLOT 
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Attachment G 
ANISOTROPY OUTPUT AND MODEL DESCRIPTION 



P A P A D 0 P V2.1 

Directional Permeability Analysis 
.................... 

IN-SITU INC. SOFTWARE SERIES 

PADUCAH 

Flow rate = 92.00 gpm 

Well T S 
( spa/ ft I ---------- ---------- # ---- 

1 47920.11 6.30E-03 
2 47920.11 8.353-03 
3 43926.77 6.12E-03 
4 43926.77 1.763-02 

SUMMARY OF RESULTS - 3 WELL COMBINATIONS ........................................ 

4.70E-03 1 2 3  80325.95 26976.62 46550.22 78.4 
1 2 4  85571.75 25322.88 46550.22 13.8 1.02E-02 
1 3 4  Probably heterogeneous media 
2 3 4  1.06E+05 1.93E+04 4.52E+04 -32.2 1.21E-02 

INTERVAL (deg) FREQUENCY 

-90.0 - -60.0 
-60.0 - -30.0 
-30.0 - .o 

. o  - 30.0 

0 
1 
0 
1 



30.0 - 60.0 
60.0 - 90.0 

0 
1 

Major Transmissivity = 65408.65 gpd/ft 
Minor Transmissivity = 32181.93 gpd/ft 
Mean Transmissivity = 45880.02 gpd/ft 
Direction of Major Transmissivity = -3.12 degrees 
Storage Coefficient = 7.79E-03 

Well Leakage factor Aquitard K/b 
(gpd/ f t/f t**2) --------------- ( ft) -------------- # ---- 

1 1.61E+03 1.78E-02 
2 2.00E+03 1.15E-02 
3 7.16E+02 8.963-02 
4 1.793+03 1.43E-02 

PAPADOP COMPLETED 



Theory Behind the Model 

Papadopubs (1 965) gtves the equatlon for drawdown in an InfinRe, conflned aqulfer that 
Is fully penetrated by a well fiowing at constant rde: 

where 

and Q Is the flow rate, 
t is the time since flow started, 
s Is the drawdown. 
S Is the storage coemdent. 
Tm, Tw, Txv are components of the tronsmissMfy vector. 
x,y are coordinates of an orthogonal axls having Its orlgln ut the well 
W(u) Is the well fundon,. 

2 riSi 
% f m -  4Tit 

(3 )  

Into equatton 2 for 3 values of i (corresponding to 3 obsewdon wells) allows us to solve 
for tne three unknowns, T,, T , and Tw . The variable ri in equatlon 3 represents the 
dtstance from the pumping dta abservdon well i. 

Once T,, Tw. and Tw have been obtained, a transfornailon Is employed to find the 
prhdpd transmissn/mes. 1, E and t,,, as well as the angle be)ween the x a d s  and the 0- 

\ 



Attachment H 
RECOVERY CURVES 





PADUCAH PUMPING TEST 
RECOVERY CURVE CORRECTED FOR BAROMETRIC 

b 

cu 

# i 
& 

L (u,v) = 1.0 
l /u = 1.0 
s = .21 ft. 
t = .25 min. 
v = .01 
r = 23.5 ft. 

M I  NUTES 

PZ-2G CORRECTED 



PADUCAH PUMPING TEST 
RECOVERY CURVE CORRECTED FOR BAROMETRIC 

cj w o  w 

L L  u 
4 

~ 1 MATCH POINT+ 

Y b  

-. 

L (UJ) = 1.0 
l /u = 1.0 

s = .23 ft. 

v = ,005 
t = .15 min. 

r = 14.1 ft. 

M 1 NUTES 

PZ-3G ClllRRECTED 
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PFlDUCAH PUMPING TEST 
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PFlOUCAH PUMPING TEST 
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